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PREFACE. 

The technology of petroleum has been already dealt 
with in considerable detail by one of us in a work 
issued by the same publishers in 1896, and the re- 
ception accorded to that work may be held to justify 
the belief that the author achieved the object he had 
in view. 

In these circumstances it may be considered that 
ample information has been given on the subject, and 
it may therefore be well for us to state the grounds 
upon which we have been led to prepare this volume 
for the press. 

In the work to which we have alluded an attempt 
was made to present a comprehensive historical, geo- 
graphical and geological account of the great industry 
of which it treats, in the hope that such account would 
not only be of general interest, but would also prove 
to be of practical value to those occupied in the de- 
velopment of new oil fields. The methods employed in 
the producing of petroleum in the principal oil fields of 
the world, in refining the crude oil and in distributing 
the various commercial products, were also described 
at length, and a similar principle was adopted in 
dealing with the important subject of the testing 
of petroleum, the practices prevailing abroad as well 
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vi PREFACE. 

as in this country being indicated, and full particulars 
being given of a large number of instruments, of which 
many are of scientific rather than of practical interest 
or value. 

A work which thus aimed at being encyclopaedic in 
character was jiecessarily voluminous, although effort 
was made to condense it, and only a comparatively 
small number of the 873 pages which it contained 
could be devoted to those aspects of the subject which 
our attention has been directed to in writing this 
volume. Moreover, portions of the larger work were, 
also necessarily, written in highly technical language, 
requiring for its full comprehension some previous 
special knowledge, and these could only be of interest 
to a very limited number. It may further be pointed 
out that through the labours of the Select Committee 
on Petroleum which met during the Parliamentary 
Sessions 1896-7-8, a large amount of information, 
especially in regard to the use of mineral oil in lamps, 
has been placed at our disposal which was not avail- 
able when the larger work was written, and that 
carbide of calcium, now largely used as a source 
of acetylene, has recently been placed under the 
Petroleum Acts. 

In the present volume we have given only such 
particulars of the geographical and geological occur- 
rence of petroleum, and of its production and refining, 
as are in our opinion necessary for an intelligent 
appreciation of those branches of the subject with 
which we have sought to deal. The task we have 
set ourselves is indicated in general ^terms by the sub- 
title, and from this it will be seen that it has been 
our desu-e to furnish a handbook which shall be of 
practical utility not only to oflScers of local authorities 
charged with the duties prescribed by the Petroleum 
Acts, but also to those engaged in the petroleum trade, 
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PREFACE. vii 

as carriers, storers, or distributors, and those who 
employ petroleum in industrial operations or as a 
source of power. It is well known that only a small 
proportion of the petroleum (employing the term in its 
generic legal sense) used in this country is under 
direct control through the operation o^ the Petroleum 
Acts, but it is not a matter of equally common 
knowledge that anangements more or less adequate 
are usually adopted to provide for the safe storage of 
such petroleum as is not under direct legal control. 
We have endeavoured to indicate the principles upon 
which, in our opinion, the transport, storage and dis- 
tribution of petroleum of various descriptions should 
be caixied on with a view to the elimination of the 
special risks which experience has disclosed, and we 
have illustrated the nature of these risks by reference 
to accidents and fires which have occurred. We are 
hopeful that we may thus be instrumental in bringing 
about the general voluntary adoption in this country 
of such safeguards as have been shown to be essen- 
tial to public safety, further legislative control being 
thus, so to speak, anticipated and even rendered 
unnecessary. 

We have taken advantage of the opportunity 
aflforded by the publication of this handbook to offer 
suggestions based upon the evidence taken by the 
Select Committee on Petroleum as to the construction 
and use of mineral oil lamps. Our experience, coupled 
with the careful study of the evidence, has led us to 
the conclusion that, if these suggestions were carried 
into effect, accidents with such lamps would be of rare 
occurrence. 

In respect to carbide of calcium we have explained 
the character and properties of the material and of the 
acetylene gas made therefrom, and have pointed out 
the nature of the precautions to be taken not only in 
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viii PREFACE. 

the storage of the carbide, but also in the generation 
and use of the gas. 

As the Petroleum Acts provide for an appeal to the 
Secretary of State from an adverse decision by a local 
authority on an application for a licence, and as the 
Explosives Department of the Home Office has been 
largely consulted on questions connected with petroleum 
legislation, the late Chief Inspector, Col. Sir Vivian 
Majendie, K.C.B., having, as is well known, devoted 
special attention to the subject, it is incumbent upon 
us to state that this handbook is in no sense official. 



Digitized by 



Google 



CONTENTS. 

CHAPTER I. 
INTRODUCTORY. 

" Petroleum " : what it is, as defined by law and by com- 
mercial usage respectively — Early historic i^eferences — ^The 
origin of petroleum. 

PAGK 

Legal definition — Legal definition a wide one .... 1 
" Rangoon- oil '' and " Burmah oil " — Definition presumably 

limited to primary products — Mixtures included . 2 

Flash-point or flashing-point — Commercial definition — " Petro- 
leum '' generic rather than specific in commerce — Origin 
of the term ** petroleum " — Other names for petroleum . 3 
Persian " naphtha" — Asphaltum and bitumen — Maltha — Biblical 

references 4 

Classical references — Sicilian oil — Seneca oil — Marco Polo on 

Baku 5 

Earth-oil creek in Burma — Barbados tar — Galiciau oil — St. 

Quirinus*s oil — Bitumen at Pitchford, Shropshire . . 6 
Derbyshire — The origin of petroleum — ^Early theories . 7 

Modern theories 8 

Inorganic origin : Berthelot's experiments — Researches of 

Moissan 9 

Byasson's theory — Mendeleefi^'s view 10 

SokolofiTs opinion — Organic origin — American opinions . .11 
Animal and vegetable ongiu — Hofer and Eiigler as to origin 

being animal only . . . .12 

Engler's experimental researches . .13 



Digitized by 



Google 



X CONTENTS. 

PAGB 

Explanation of results — Failure to obtain petroleum from fish 

— ^Zaloziecki's views 14 

Ochsenius's views — Lesquereux's views — Critical consideration 

of the various theories 15 

Comparative probability of organic theory — Mode of accumulation 

of organic remains ........ 16 

Extent of deposits — Practical illustration of formation of deposit 

— Processes presumably still in operation . . .17 

Objections to theory of animal origin — Trinidad deposits probably 

vegetable 18 

Evident need of qualification of Hofer's view — Yalue of Engler's 

results 19 

Conclusions as to origin — Part played by clay in aggregation 
— Whether formed where now found — Dr. Orton's re- 
marks 20-21 



CHAPTER II. 

SOURCES OP SUPPLY. 

Oeographical and geologioFil occurrence — No connection with 

limits of land and sea — Association with mountain ranges 22 
Geological and geographical distribution of bitumens . 28 

Principal deposits in old and young rocks . . . .24 

Requisite conformation of strata — Anticlines or anticlinals — 

"Terrace "structure 25 

Porous "reservoir" rock and impervious "cover-rock" needed 

— Principal porous rocks — Dolomitic limestone . .26 

Usual impervious cover — Capacity of porous rock . .27 

Petroliferous dolomite of Chicago — Production of Pennsylvania- 
New York oil-field — Capacity of Baku oil- sand — Pressure 
in oil- and gas-wells — Russian oil fountains . . .28 
Cause of the pressure — Lesley's criticisms — Hydrostatic theory 29 
Russian liquid fuel industry — Older American industry practi- 
cally unaffected — ^Tendency to creation of numerous centres 
of production ......... SO 

Various producing countries — Features of the industry — 

" Pennsylvania " oil district 81 

Lima- Indiana field — Production in the various States . . 32 
Total production in United States — Aggregate output during 
past forty years — ^The Russian petroleum industry — The 
various oil-fields of Baku — Production .... 88 



Digitized by 



Google 



CONTENTS. xi 

PAQB 

GrozDi district — Production — Canadian petroleum industry — 

Production 84 

Other sources — Gralicia — Roumania 35 

Production in Gklicia — Production in Roumania — Germany . 86 
Italy — United Kingdom: Shale oil — Java — Sumatra — Borneo 

— Japan — Burma — Assam ...... 87 

Peru — Magnitude of industry as a whole . .88 



CHAPTER III. 

PRODUCTION, REFINING, ETC. 
Production. 

The United States — The petroleum well — Construction of the 

derrick — Walking-beam, &c . . . . . .89 

Steam-engine and boiler — Bull-wheel — ^Sand-reel — Control by 

driUer 40 

Drilling cable — Drilling tools — Jars — Auger or drill — Sinker- 
bar — Reamers, Ac 41 

Bailer — Temper-screw — Clamps — Sand-pump — Fishing-tools . 42 

Drilling a well — Conductor — Drive-pipe — Spudding — Use of 

drilling tools 48 

Rate of movement — "Dressing" the bit — Sand-pumping — 

Work continuous — Fishing — Casing the well .44 

Exclusion of water — Sizes and lengths of casing — " Torpedoing " 

the well — Pumping from well — Receiving tank . . 45 

Transportation and storage company — Pipe-line certi6cates — 
Early method of transport — Beginning of railway transport 
— Early tank-waggons 46 

Modern tank-car — ^Tank barges — First pipe-line — First trunk- 
line — Concentration of refining on Atlantic and Lake 
Erie — Pipe for trunk-lines . . . ... 47 

Tanks — Pumping engines — " Go-devil " for clearing pipe-lines . 48 

Russia — Iron rods in lieu of cable — Rod system less expeditious 

— Wells of greater diameter — Casing — Oil raised by bailer 49 

Refining. 

Size of stills — Process of fractional distillation (intermittent) . 49 
Condenser — Continuous distillation — Division of distillation — 

Tail-house 50 

Chemical treatment — ParafEin separation — Process merely out- 
lined — Scottish bhalt-oil industry 51 



Digitized by 



Google 



xii CONTENTS. 

Marine Transport. 

PAai 

Tauk-Bteamers 51 

Principles of construction — Isolating cofferdams — Division of 

oil-tanks 52 

Storage and Distribution. 

Ports of discharge in the United Kingdom — London wharves . 52 
Smaller storage installations — Storage arrangements — Installa- 
tions at Livei*pool and Manchester 53 

Petroleum spirit landed at Thames Haven for London — Gas-oil 

— Bulk distribution of kerosene 54 



CHAPTER IV. 

COMMERCIAL PRODUCTS OF PETROLEUM, SHALE-OIL, 
AND COAL-TAR. 

Nature of crude petroleum — ^Oolour — Odour — Specific gravity — 

Inflammability — ^Chemical composition . . . .55 

Division into commercial products — *• Naphtha " — " Gasoline " — 
" Cymogene"— ** Rhigolene"— Light gasoline— " 680 spirit," 
" petrol," motor-car spirit 56 

"Benzoline"— "Petroleum ether "—Pentane . . . .57 

"Benzine"— "Refined oil"t "Ordinary" and "water-white" 
or high-test, American — ^Mineral colza — Gas-oO, lubricating 
oils, vaseline, and paraffin from residuum — Russian petroleum 
products — "Benzine" — Kerosene — "Astatki" . . 58 

" Ordinary " and " high-test " kerosene — Light solar oil^ — Solar 
oil distillate (gas-oil) and lubricating oils — Astatki the 
principal product — Gas-oil and fuel-oil from Eastern 
Archipelago— Roumanian petroleum products: Kerosene 
and gas-oil 59 

Scottish shale-oil products : Cinide shale-oil — " Gasoline " and 
"naphtha," burning oils, gas-oil, lubricating oils, and 
paraffin — Brown-coal and peat products — Coal-tar and coal- 
tar products .... ^ .... 60 

Distillation — Benzol — Solvent naphtha — Burning naphtha — 

Carbolic acid — Naphthalene — Creosote oil . . .61 

Anthracene — Pitch — Proportion of products — Production of 
coal-tar — ^Tai* from coke-ovens, <fec. — India-rubber solution 
and paints containing petrolexim — Paint-dryers, dec. — 
Classification of petroleum, shale-cil, and coal-tar produc tn 62 



Digitized by 



Google 



CONTENTS. xiii 

PAOB 

Petroleum spirit . 68 

Petroleum oil 64 

Lubricating oil — Solid products 65 

Shale-oil products — Coal-tar products 66 

Various uses of petroleum products increasing . .67 



CHAPTER V. 
'•FLASH-POINT" AND "FIRE-TEST." 

Explanation of flash-point ....... 68 

Proportion of vapour necessary to form explosive mixture with 

the air 69 

Conditions affecting flash-point 70-71 

Conditions affecting inflammability of vapour mixtures .72 

Conclusions 7B 

Principles on which standard shoidd be fixed . .74 

"Fire-test" 75 

Effect of local heating 76 

CHAPTER VI. 

TESTING.— FLASH-POINT, FIRE-TEST, ETC. 

Kerosene: Primitive method of testing — "Open-test" and 

" close-test *' — Tagliabue's open-test instrument 77 

Squire's open-test apparatus : Directions for use ... .78 
Amaboldi's open-test apparatus — Saybolt*s electric tester : 

Directions for use 79 

1868 English open-test .apparatus 80 

Apparatus of " the three chemists" : Directions for use .81 

Kelation of results to fire-test — Insufficiency of directions for 
use — Defective nature of test — Keates's close-test — Abel's 

investigation 82 

Terms of reference — Besults of inquiry 88 

Determination of equivalent flash-point — Mean difference 27° F. 

— Application of tests to 1000 samples : Besults 84 

Introduction of Abel test — Legalisation of Abel test . 85 

Length of pendulum — Use of pendulum — Use of clock or 

" metronome " — ^The action of the Abel test . .86 

Importance of beginning the test at a sufficiently low tempera- 
ture — Use of a stirrer in the oil-cup . . . .87 



Digitized by 



Google . 



xiv CONTENl^. 

PAGE 

Suggestions as to the use of the Abel test — Necessary precau- 
tions 88 

Testing india-rubber solution *89 

Testing paints — Results affected by atmospheric pressure 90 

Experiments at different altitudes : Results obtained — Effect of 

a tropical climate 91 

Experiments in India and England: Results — Modification 

adopted 92 

Directions for use of Abel test in tropical climates — ^Testing 
Burma crude petroleum — Investigation of petroleum- 
testing in Germany — Abel-Pensky test adopted 93 

Description of the instrument 94-95 

Directions for use . . • 96-99 

Table for correction of apparent flash-points to the normal 

barometric pressure of 760 millimetres . . . . 100 

Standardising the instruments 101-103 

Tagliabue's " pyrometer " . . . . .104 

Directions for use . . . * 105-106 

Wisconsin tester — Elliott tester : Description . . .107 

Directions for use 108 

Objection to the test 109 

Granier tester : Directions for use 110 

Unsatisfactory character of the test — Parrish's naphtho- 

meter Ill 

Poster's tester 112 

Directions for use 113 

Relation of results to those of Abel tester — Salleron-TJrbain 

tester 114 

Defective nature of test 115 

Test-tube method of testing 116 

Testing atmosphere of tanks, <&c. — ^TJse of alcohol flame — Ex- 
perimental investigation — " Plame-cap " — Advantage of 

hydrogen flame 117 

Clowes's miners' test-lamp — Redwood's test-lamp: Descrip- 
tion 118-120 

Mode of use 121 

Delicacy of test 122 

Density of petroleum vapour — Collection of sample — Satisfactory 

results given 123 

Lubricating oils — Close and open flash-points and fire-test — 
Pensky-Martens tester — Description of the instru- 
ment 124-125 

Rate of heating 126 



Digitized by 



Google 



CONTENTS. XV 

PAGB 

Freedom of sample from water essential — Gray's tester 127 

Substitute for gas— Directions for use 128 

Other products — Testing mireral spirit — ^Testing gas-oils, &c. 129 

Specific Gravity. 

Hydrometer — Correction for temperature .129 
Westphal balance 130 

Boiling Point. 

Determination of boiling point — Pressure test for petroleum 

spirit 130 

Other Tests. 

Fractional, distillation test — Colour — Burning quality — Trinity 

House specification — ^Viscosity test of lubricating oils 131-132 

Redwood's standard viscometer — Friction test — ** Cold- test " — 
Loss on heating — Composition — Freedom from impurities 
Paraffin testing — Gas-oil testing 138 



CHAPTER VII. 

LEGISLATION RELATING TO PETROLEUM (HISTORICAL). 

Act of 1862 134 

Select committee of 1867 135 

Report of the " three chemists "-— Sir F. Abel's alteration . 1 36 

Act of 1868 137 

Bill of 1869 138 

Act of 1871— Bill of 1872— Select Committee of 1872 . . 139 

Test revised by Sir F. Abel— Act of 1879— Hawking . 140 

Act of 1881— Bill of 1883 141 

Select Committee of 1883 142 

Bill of 1891 143 

Flash-point agitation 144 

Select Committees of 1894 to 1898 145 

Mr. Reckitt's Bill 146-147 



CHAPTER VIII. 

EXISTING LEGISLATION RELATING TO PETROLEUM. 

Petroleum Acts, 1871 to 1881 — Petroleum spirit not prohibited 

for use in lamps ...,,... 148 



Digitized by 



Google 



XVI CONTENTS. 

PAOB 

Scope of Acts of 1871 and 1879 149 

Harbour by-laws — Forms of licence 150 

Yerification of testing instrument — Carbide of calcium — Scope 

of Act of 1881 151 

Defects in existing legislation 152-154 

Possibility of future legislation 1 55 

Exemption of petroleum spirit for ligbt locomotives . .156 



CHAPTER IX. 

PRECAUTIONS NECESSARY FOR PETROLEUM. 

Comparative danger of oil and spirit — Danger from naked 

light 157-158 

Lighting of spirit stores — Electric spark .159 

Lightning — Leakage 100 

Tanks and vessels to be covered — Danger from empty barrels — 

Inflammable material — Pouring petroleum on fires . .161 
Quick-drying paints — ^Ventilation— Sand for extinguishing 

fire— Metal tanks 162 

Precautions against outflow 163 

Quantity in any one store 164 

Petroleum not to be kept or conveyed with explosives — Pre- 
cautions in conveyance— Cleansing the holds of petroleum 

ships 165-166 

Conveyance by road and rail — Over-filling of vessels 167 

Petroleum barrels to be covered in conveyance . .168 

Hawking of petroleum — Danger of sufifocation 169-170 



CHAPTER X. 

PETROLEUM OIL LAMPS. 

General construction — Choice of a lamp 171 

Points of efficient construction — Stability . .172 

Oil container 178 

Filling-hole 174 

I Burner 175 

Chimney gallery — Wick-tube — Safety lamps . . .176 

Management of lamps — Accidents 177 

Lamp explosions 178 



Digitized by 



Google 



CONTENTTS. xvii 

PAGB 

Falls of lamps — Suggested legislation — Effect of raising the 

flash-point 179-180 

Immunity from accidents in Scotland 181 

Effect on price of oil 182-184 

Prohibition of dangerous lamps — Importance of instruc- 
tion 185-186 



CHAPTER XI. 

CARBIDE OF CALCIUM AND ACETYLENE. 

Manufacture of carbide — Formation of acetylene . .187 

Affinity of carbide for water — Properties of carbide — Identifi- 
cation — Properties of acetylene .... 188-189 
Illuminating power— Generators . . .190 

Legislation 191 

Licences .192 

Precautions 193 

Quantity — Safety of generator 194 

Residue — Purity of carbide 195 

Harbour by-laws — Compressed acetylene .196 

Exemptions — Acetylene mixed with air 197 

Accidents — Other uses of carbide and acetylene . . 198-199 



APPENDIX I. 
Imports of petroleum into the United Kingdom . . 200-203 

APPENDIX ir. 
Petroleum Acts, 1871 & 1879, as amended, with remarks 204-227 

APPENDIX III. 

Directions for drawing the sample and preparing it for testing 
in tropical climates — Directions for preparing and using 
the test apparatus in tropical climates . . . 228-231 

APPENDIX IV. 
Petroleum(Hawkers) Act, 1881 232-234 



h 

Digitized by 



Google 



xviii CONTENTS. 

APPESfDIX V. 

PAOB 

Model Code of Harbour By-laws for Petroleum . 235-237 

APPENDIX VI. 

Memorandum issued bj London County Council, and forms of 

licence for petroleum and carbide of calcium . . 238-260 

APPENDIX VII. 

Regulations as to construction and verification of apparatus 

for testing petroleum 261-263 

APPENDIX VIII. 

Table for correction of observed flashing-points for variations 

in atmospheric pressure 264 

APPENDIX IX. 

Locomotives on Highways Act, 1896 — Regulations dated 
April 26, 1900, made by the Secretary of State under 
Section 5, as to the keeping and use of petroleum for the 
purposes of light locomotives 265-267 

APPENDIX X. 

Specifications of tank depots and screen walls (proposed to be 

included in an Act of Parliament) .... 268-271 

APPENDIX XL 
Suggestions for the care and use of petroleum lamps . 272-273 

APPENDIX XI L 
Carbide of calcium — Orders in Council .... 274-276 

APPENDIX XIIL 

Suggested model code of harbour by-laws for carbide of 

calcium 277 



Digitized by 



Google 



CONTENTS. xix 

APPENDIX XIV. 

PAGK 

Explosives Act, 1875 — Orders in Council relating to acetylene 

gas 278-283 

APPENDIX XV. 

London County Council — Report as to licensed premises in tbe 
County of London upon whicb petroleum, under the Acts, 
is used in trade or manufacture .... 284-288 

APPENDIX XVI. 

Scale of maximum amounts of petroleum allowed to be kept 

according to distance from protected works . . 289 

INDEX 291 



Digitized by VjOOQIC 

/ 



Digitized by 



Google 



CHAPTER I. 

INTRODUCTORY. 

" Petroleum " : what it is, as defined by law and by com- 
mercial usage respectively — Early historic references — The 
origin of petroleum. 

Legal Definition. — By the Petroleum Act, 1871 
(34 and 35 Vict., ch. 105), which is still in force, 
except as to the standard or limit of flash-point and 
the mode of testing, petroleum is defined in the 
following words : 

" For the purposes of this Act the term * petroleum ' 
includes any rock oil, Rangoon oil, Burmah oil, oil 
made from petroleum, coal, schist, shale, peat or other 
bituminous substance, and any products of petroleum, 
or any of the above-mentioned oils; and the term 
'petroleum to which this Act applies' means such of 
the petroleum so defined as, when tested in manner 
set forth in Schedule One to this Act, gives oif 
an inflammable vapour at a temperature of less 
than one hundred degrees of Fahrenheit's thermo- 
meter." 

It will thus be seen that the legal definition of Legal 
petroleum is a wide one, embracing liquid products, ^^^e one! * 
such as coal-tar, and the solid product, parafl&n, which 
are not " petroleimi " in the commercial acceptation of 
that term ; and it will further be observed that for 
legal purposes, in respect to storage, an arbitrary 
limit, based upon the . temperature at which in- 
flammable vapour is given off, is fixed. 
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Rangoon oil The reference in the definition clause to Rangoon 
and Burma ^^ ^^^ Burmah oil, which first appeared in the Act 
of 1868, doubtless had its origin in the circumstance 
that shortly before this Act was passed the produce of 
the Burma oil-fields was, in small quantities, first 
brought to this country, petroleum having previously 
been imported only from the United States. The 
name of Rangoon oil was taken from the port of 
shipment, " Rangoon oil " and " Burmah oil " being 
two names for the same substance. Petroleum now 
comes to this country from many other parts of the 
world, and there is less reason for retaining the specific 
mention of Rangoon oil or Bui-mah oil, which can 
scarcely be regarded as an article of commerce in the 
United Kingdom, than for specifying Russian oil, 
which is largely imported, or the oils of Roumania and 
Borneo. 

Presumably only what may be described as primary 
products of " petroleum " are intended to be included 
in the definition, otherwise nitrobenzol and aniline 
made therefrom, and even aniline dyes, would legally 
be petroleum. It has, however, been successfully con- 
tended in the Courts of Law by local authorities 
empowered to take action under the Petroleum Acts, 
that mixtures containing petroleum (as defined by 
law), such as india-rubber solution, paints, and 
varnishes, come within the legal definition ; therefore, 
if any such mixture gives off inflammable vapour 
below the legal limit, it can only be kept in pursuance 
of the provisions of the law. This may be described 
as a common-sense interpretation, for experience has 
shown that the mixtures in question may be as liable 
to ignition or to create, by volatilisation, an inflammable 
or explosive atmosphere, as certain descriptions of 
petroleum unmixed with other substances. 

In a succeeding chapter details will be given of the 
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principal methods employed in ascertaining, for legal Flash-point 
purposes, the temperature at which a sample of °^^*®^*"^" 
petroleum gives oif inflammable vapour. This tem- 
perature, ascertained in accordance with the prescribed 
conditions, is commonly known £ts the flash-point or 
flashing-point of the oil. 

Commercial Definition.-^In commerce the term 
" petroleum " was formerly employed to designate the 
oil burned in lamps, and as the flash-point of this oil is 
not below the limit fixed by law it followed that com- 
mercial "petroleum" was not "petroleum" to which 
the Acts apply. This, as will readily be appreciated, 
caused some confusion, and in ordei* to avoid the incon- 
venience resulting therefrom the practice was adopted 
of applying the term " petroleum oil " to the product 
in question, although this obviously involves tautology. 
According to present commercial usage, the term 
"petroleum" is employed in what may be termed a "Petro- 
generic rather than a specific sense, an additional word g^^Jic 
giving the necessary definition. Thus we have : crude rather than 
petroleum which is the oil as it comes from the wells •^p®^*^*^*'* 

JT ' commerce. 

petroleum oil, the product burned in lamps ; and petro- 
leum spirit, the more volatile products, collectively. 
The lamp oil is also known as petroleum distillate and 
refined petroleum, respectively, before and after being 
subjected to chemical treatment for its purification. 

Origin of the Term "Petroleum." — Petroleum 
is found in many parts of the world oozing or flowing 
from outcrops of porous rock, and from this mode of 
occurrence it derived its name, which means, literally, 
rock-oil — Latin, petra (rock), oleum (oil). Equivalents 
of this name are found in most other languages ; in 
German the corresponding terms erdol (earth-oil), 
steinbl (stone-oil), and hergol being thus employed. 

Other Names for Petroleum. — Petroleum was, 
however, known to the Persians, Greeks and Romans 
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under the name of naphtha, a name which is still em- 
ployed in Russia to designate crude petroleum, though 
elsewhere it is applied to certain descriptions of distilled 
petroleum spirit, and perhaps more properly should be 
confined to the volatile products obtained from coal-tar 
and wood-tar. Probably the adoption of the term in 
Persia arose from the circumstance that before the 
creation of the present petroleum industry a volatile 
and remarkably pure description of crude petroleum of 
light colour was found in that country, and was in 
fact made use of many years ago in protecting the 
readily oxidisable metals potassium and sodium from 
the action of the atmosphere. The less fluid kinds 
of petroleum were termed ao-^aXroc by the Greeks 
(hence asphaltum), and the Romans applied the 
general term of bitumen to the various descriptions of 
natural hydrocarbons, the word petroleum not being 
used in classic Latin. By ancient writers the names 
2nssasphaltum (Greek, irlara-a = pitch, ao-^aXroc = asphalt), 
and pisselcBum (ir/a-<ra = pitch, cXa(ov = oil), were occa- 
sionally employed. To distinguish bitumen inter- 
mediate in consistency between petroleum and asphalt 
the term maltha (Latin, maltha = cement for cisterns, 
roofs, &c.) is employed, the equivalent for this in 
Mexican Spanish being hrea. Other names which may 
be mentioned as having been applied to petroleum are : 
earth balsam, mineral tar, oleum MSdea, Seneca oil, 
Sicilian oil, and St. Quirinus's oil. 

In the Old Testament there are numerous references 
to petroleum, among which the following may be 
quoted : " The Vale of Siddim was fiiU of slime pits " 
(Gen. xiv. 10) ; the word which is translated slime in 
our version appearing as bitumen in the Vulgate. In 
Genesis ix. 3, in the description of the Tower of Babel, 
we are told that " slime had they for mortar," whilst 
in Job xxxix. 6, we find, " and the rock poured me out 
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rivers of oil." In the Scriptures the word salt is used 
indiscriminately for common salt, nitre, and bitumen, 
and Lord Playfair suggested that the New Testament 
reference to salt losing its savour was meant to apply 
to Petroleum, which on exposure parts with its volatile 
constituents and thus yields asphalt, good only to be 
" trodden under foot of men." 

Early Historic References. — Herodotus(450B.c.) classical 
describes the collection of petroleum, which, he says, references, 
was called rhadinance by the Persians, from a well at 
Arderrica, and from the famous pitch spring in the 
island of Zante ; he also refers to the use, as mortar, in 
building the walls of Babylon, of the bitumen brought 
down by the Is, a tributary of the Euphrates. 
Diodorus, Josephus and Vitruvius also mention this 
use of bitumen, and Dioscorides describes a piss- 
asphaltum obtained at ApoUonia near Epidamnos 
(Albania). Both this writer and Pliny, among others, 
mention the use of Sicilian oil from Agi'igentum for Sicilian oil. 
illuminating purposes. Plutarch gives an account of 
the discovery of petroleum, "having the gloss and 
fatness of natural oil," by an attendant of Alexander, 
while digging on the banks of the Oxus. 

The petroleum found in the State of New York was seneca oil. 
undoubtedly known to the Seneca Indians in very 
early days, and the burning of the oil which collected 
on the streams formed part of their religious cere- 
monies. Petroleum was also, long before the founda- 
tion of the present industry, collected in the United 
States and sold under the name of Seneca oil (from 
Lake Seneca, where it was first obtained) as a remedy 
for rheumatism, bums, coughs, sprains, &c. 

Referring to the petroleum of the Baku district, Marco Marco Polo 
Polo describes in the thirteenth century "a fountain ^^ ^*^^* 
from which oil springs in great abundance, inasmuch 
as a hundred ship-loads might be taken from it at one 
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time. This oil/' he adds, "is not good to use with 
food, but is good to burn, and is also used to anoint 
camels that have the mange." 

The oil springs of Persia, and the renowned 
petroleum wells of Yenangyaung (earth-oil creek) in 
Burma, have been often described by travellers, and 
it was from the asphalt of Trinidad that Gesner first 
prepared kerosene. The crude petroleum of Barbados, 
imported under the name of Barbados tar, formerly 
occupied a place of some importance in the Materia 
Medica of this and other countries. It was thus 
referred to in 1750 by GriflSth Hughes in his "Natural 
History of the Island of Barbados": "The most 
remarkable fossil of bituminous kind is gi-een tar. It 
is obtained by digging holes or a trench, and it rises 
on the water. It issues from hills, and is gathered in 
the months of January, February and March, and 
serves to burn in lamps." 

Historical records show that from very early times 
crude petroleum has been collected in Austria-Hungary 
for use as cart-grease, and the Alstetterring, in Prague, 
is said to have been lighted by oil distilled from 
petroleum obtained in Galicia as far back as 1810, or 
between that date and 1818. 

In 1436, petroleum from the Tegern See in Bavaria 
was sold under the name of St. Quirinus's oil as a 
medicinal agent, and in Italy a concession was granted 
in the year 1400 for the collection of petroleum from 
wells at Miano. The petroleum of Modena, which at 
one time was largely used for lighting and medicinal 
purposes, as well as in the preparation of varnishes 
and paints, was discovered by Ariosto, a physician of 
Ferrara, in 1640. 

The following interesting account of the occurrence 
of bitumen at Pitchford in Shropshire is taken from 
Camden 8 ''Britannia": 
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"A little village caird Pitchford, which formerly 
gave name to the ancient family of the Pitchfords, is 
now the possession of the Otelies. Our ancestors gave 
it the name of Pitchford from a spring of pitchy 
water; for in those days, they knew no distinction 
between pitch and bitumen. And here is a well in a 
poor man's yard, upon which there floats a sort of 
liquid bitumen, although it be every day scummed 
off; after the same manner as it doth on the lake 
Asphaltites in Judcea, and on a standing pool about 
Samosatay and on a spring by Agrigentum in Sicily ; 
but the inhabitants make no other use of it than 
as pitch. Whether it be a preservative against the 
Falling-sickness, or be good for drawing and healing 
of wounds (as that in Judcea is), I know no one yet 
that has made the experiment. Here, and in the 
adjacent places, there lies over most of the Coal-pits 
or Mines, a Stratum or layer of blackish rock, of 
which, by grinding and boiling, they make pitch and 
tar, and from which also a kind of Oil is distill'd." 

There are many other places in Great Britain where ou spring in 
petroleum occurs in small quantities, and it is worthy ^^ ^* ^^^' 
of note that James Young, the founder of the Scottish 
shale oil industry, commercially utilised a spring of 
petroleum which had been met with in the workings 
of the Biddings Colliery at Alfreton, in Derbyshire, 
before he took out his celebrated patent for obtaining 
" paraffine oil or an oil containing paraffine, and 
paraflSne from bituminous coals." 

The Origin of Petroleum. — It is not surprising 
that a natural product of so distinctive and, one may 
add, of so self-assertive a character should have 
attracted the attention of men of science, and we find 
in some of the earlier treatises amusing statements in 
reference to the nature and origin of petroleum. Bacon Early 
in his Sylva Sylvarum tells us that the original con- *^®®"^5- 
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cretion of bitumen is a mixture of a fiery and watery 
substance, and remarks that flame attracts the naphtha 
of Babylon afar off. Macquer published in 1764 a 
treatise on chemistry in which bitumen is defined as a 
mineral substance yielding petroleum on distillation, 
and as an oil rendered consistent and solid by being 
combined with an alkali, but in the same work bitumen 
is described as belonging as much -to the vegetable as 
to the mineral kingdom ; the author further states that 
solid bitumen appears to be a vegetable oil combined 
with a mineral acid, and expresses the opinion that 
bitumens are the resinous and oily parts of trees or 
plants. Bergmann in his " Physical and Chemical 
Essays," which appeared during the years 1788-1791, 
expressed the view that petroleum was an example of 
a smaU proportion of water combined by means of an 
acid with the principle of inflammability. Amongst 
the earlier writera on the subject none contributed 
more specific and correct information than Hatchett, 
whose views will be found in the Transactions of the 
Linnean Society for 1798. It was, he said, generally 
admitted at that time that bituminous substances are 
not of mineral origin, "but have been formed from 
certain principles of substances belonging to the organ- 
ised kingdoms of nature." He further specified the 
elementary principles (as he called them) of bitumen 
as carbon, hydrogen, sometimes azote and probably 
some oxygen, a remarkably correct definition, by the 
way, and fi:om the correspondence between this com- 
position and that of the vegetable and animal oile 
and resins he arrives at the conclusion that meta- 
morphic action has produced petroleum from these 
sources. 
Modem The latter half of the past century has been fertile 

in theories of the origin of petroleum, and many 
eminent men have devoted much thought to the 



theories. 



Digitized by 



Google 



INTRODUCTORY. 9 

subject. The various modern theories may be broadly 
classified into two groups, one consisting of those 
which assign to the product an inorganic origin, and 
the other those which account for its production from 
animal or vegetable matter, or both. 

The first exponent of the theory of inorganic origin inorganic 
was the distinguished chemist Berthelot, who, proceed- ^"rtheiot's 
ing upon the hypothesis of Daubr^e that Free alkali- expen- 
metals exist in the interior of the earth, ascertained "^^"*®* 
experimentally that when carbonic acid or an earthy 
carbonate acts upon the alkali-metals at a high 
temperature, acetylides are formed, and that these 
bodies when acted upon by water-vapour, under the 
conditions prevailing in the earth, yield hydrocarbons 
resembling those of American petroleum, the precise 
composition of the hydrocarbons varying with the 
temperature. He therefore in 1866 expressed the 
view that petroleum may have been produced by the 
infiltration of water containing carbonic acid into the 
interior of the earth, where it would be brought into 
contact with the alkali metals at an elevated tempera- 
ture. Many years later Maquenne prepared acetylide 
or carbide of barium (C2Ba) and obtained acetylene by 
its action on water, and still more recently through 
the discovery of Willson, one of the carbides, viz., that 
of calcium, has become an ordinary article of commerce, 
and acetylene a common illuminating agent. Of still Researches 
greater interest, however, in connection with the °^ ^o»s®*"- 
subject we are considering, have been the results of 
the work of Moissan, who has found that certain of the 
carbides yield liquid hydrocarbons on decomposition 
with water. In a paper published in the Journal of 
the American Chemical Society in 1899, Mr. J. A. 
Matthews has given the following classification of the 
reactions of decomposition of the carbides : 

(l) The carbides of lithium, sodium, potassium, 
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calcium, barium and strontium are decomposed by 
water, giving mostly acetylene. 

(2) Silver, copper, mercury and gold (?) acetylides 
are acted on by hydrochloric acid, giving acetylene. 

(3) Aluminium and beryllium carbides react with 
water, yielding methane. 

(4) Manganese carbide with water gives methane 
and hydrogen. 

(5) The carbides of yttrium, lanthanum and thorium 
are decomposed by water, giving mixtures of acetylene, 
ethylene, methane and hydrogen. 

(6) Lanthanum, cerium and uranium carbides give 
with water, besides the volatile products, a residue of 
liquid and solid hydrocarbons. 

It will thus be seen that several of the carbides, 
including that of manganese, yield methane (CH^), the 
lowest member of the paraffins present in Pennsylvania 
petroleum, and that some actually yield liquid and 
solid hydrocarbons. 
Byasson's In 1871, Byasson, in a memoir on the origin of 
theory. petroleum published in Paris, suggested that petroleum 
might have resulted from the action on iron or sulphide 
of iron at a white heat, of steam and carbonic acid gas, 
resulting from the infiltration of salt water to great 
depths in the earth, his theory, like that of Berthelot, 
being based upon laboratory experiments in which 
petroleum was obtained. 

In 1877 Cloez obtained petroleum-like hydrocarbons 
by the action of dilute mineral acid or even boiling 
water on a spiegeleisen (carbide of iron and manganese), 
MendeiceflPs and the eminent Russian chemist MendeleefF gave the 
^*^^' weight of his authority to the view that petroleum is 

of inorganic origin. The gieat density of the earth, 
and the well-known presence of iron in meteorites, in 
the solar system (as shown by the spectroscope), and 
in einiptive rocks, are regarded by Mendeleeff as 
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evidence that the interior of the earth contains large 
amounts of iron. Accepting the igneous theory of the 
formation of the earth, it is reasonable to conclude 
that the core of this spheroid may largely contain 
carbide of iron, and that as cooling of the molten mass 
progi'essed, and the outer crust became crumpled and 
cracked through the shrinkage of the central portion, 
forming valleys which were subsequently occupied by 
the seas when the cooling had progi'essed .sufficiently 
to admit of the condensation of the dense cloud of 
aqueous vapour, water would by gravitation naturally 
find its way through the crevices towards the centre of 
the still highly-heated mass. In these circumstances 
it is evident that the chemical action which would be 
set up under the favourable conditions of high tem- 
perature and great pressure would probably produce 
hydrocarbons, the hydrogen of the water combining 
with the carbon of the carbide and the oxygen com- 
bining with the iron. 

The Russian geologist Sokoloff, on the other hand, Sokoioff's 
has expressed the opinion that hydrogen and carbon ®p*'^*°'^- 
may not improbably have entered into direct combina- 
tion at an early stage in the eai-th's history, that the 
hydrocarbons thus formed may have been absorbed by 
the mass of the earth whilst the latter was still in a 
glowing viscid state, and that these hydrocarbons may 
subsequently have been transferred to the outer layers 
where they are now found. Other authorities, amongst 
whom are Coquand, Grabowski and Hitchcock, regard 
petroleum as not improbably a condensation-product of 
marsh gas. 

The majority of American geologists who liave Organic 
devoted special study to the question are agreed as to ^"«f*"; 

\ , . *^ ^ ^ , , Amencan 

the organic origin of petroleum, and are of opinion that opinions, 
it is derived both from vegetable and from animal 
remains. Lesley has expressed the view that the oil of 
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Pennsylvania has been formed from fossil fiicoids and 
corals, of which remains are found in limestone beds 
many thousand feet thick, beneath the Venango oil- 
sands, and Ashburner concurs generally in this view of 
a dual origin. Orton considers that the oil occurring 
in shale and sandstone is of vegetable, and that found 
Animal and in limestone of animal, origin. Peckham suggests that 
orSn**'^* oil with an asphalt base is of animal origin, whilst 
that which contains paraffin (solid hydrocarbons) is 
derived from vegetable organisms. Strippelmann con- 
siders that petroleum and natural gas were probably 
produced from vegetable and animal remains in 
Silurian, Devonian, and Carboniferous formations. 
Orton expresses the view that the petroleum of 
California is derived from the animal remains with 
which the oil-bearing shales of the district were 
originally filled, and he adds that the similarity of the oils 
of Canada, Kentucky, Tennessee, and North- Western 
Ohio with the Californian oil points to a common origin. 
In a paper on the nitrogen content of California 
bitumen Peckham asserts that his discovery of basic 
oils in the petroleum of California " establishes beyond 
any question the animal origin " of such petroleum. 
Haferand As opposed to the dual theory of origin some 
Engier as to eminent authorities on the European continent contend 

ongm being • i i • i 

animal only, that pctrolcum IS sololy or mamly of animal origin. 
The most noted exponents of this view are Hofer and 
Engier. The former did not originate the view in 
question, but was the first to marshal facts in support 
of it, whilst the latter by his cogent arguments, 
supported by practical experiments, has been largely 
instrumental in gaining adherents to the theory. 
Hofer's arguments in favour of an animal origin are 
summarised as follows : 

(l) Oil is found in strata containing animal, but little 
or no plant remains, This is the case in the Car- 
Digitized by VjOOQIC 
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pathians and in the limestone examined in Canada and 
the United States by Sterry Hunt. 

(2) The shales from which oil and paraffin were 
obtained in the Liassic oil shales of Swabia and of 
Steierdorf in Styria contained animal, but no vegetable 
remains. Other shales, as, for instance, the copper 
shales of Marisfeld, where the bitumen amounts to 22 
per cent., are rich in animal remains, and practically 
free from vegetable remains. 

(3) Rocks which are rich in vegetable remains are 
generally not bituminous. 

(4) Substances resembling petroleum are produced by 
the decomposition of animal remains. 

(5) Fraas observed exudations of petroleum from a 
coral reef on the shores of the Red Sea, where it could 
only be of animal origin. 

In his experimental researches already alluded to Engier's 
Engler distilled 490 kilos, of menhaden (fish) oil at a high ^^^^^J 
temperature and under considerable pressure, and thus researches, 
obtained a distillate resembling petroleum. The distil- 
lation was commenced at a temperature of 320° C. 
under a pressure of ten atmospheres, and was com- 
pleted at 400*" C. under a pressure of four atmospheres. 
He thus obtained about 60 per cent, of distillate, of 
specific gravity '8105, about 8*9 per cent, of gas, and 
about 5 per cent, of unsaponifiable fat in the residue. 
The distillate was brown, and possessed a greenish 
fluorescence and a disagreeable, acrolein-like smell. 
By fractionation, the distillate yielded pentane, hexane, 
normal and. secondary heptane, and normal octane and 
nonane. From the chemical reactions of the distillate, 
the presence of olefines, naphthenes and other aromatic 
hydrocarbons was inferred. Finally, from the distil- 
late a lighting oil was separated, which was described 
as indistinguishable from commercial kerosene, and this 
statement one of the authors is in a position to confinn, 
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having received from Professor Engler a specimen of 
the product. 

On repeating the experiments with triolein (com- 
mercial " oleine ") similar results were obtained ; in 
fact the menhaden oil used may be considered to 
consist of olein, stearin, and palmitin. The composition 
of the oil is such that after combination of all the 
oxygen with part of the hydrogen to form water, the 
residue contains carbon and hydrogen in about the 
same proportions as those in which tliey are present in 
petroleum. 
Explanation Engler considers that the glycerin or the acrolein 
formed during the reaction would l^e washed away 
from the petroleum, but Neish has given a more 
elaborate explanation of their disappearance. He 
suggests that by elimination of water and by con- 
densation, the acrolein formed from the glycerin under 
the action of heat and pressure becomes itself con- 
verted into benzene ; he further expresses the opinion 
that the carbon dioxide produced concurrently with 
the liquid hydrocarbons from the fatty acids may have 
become reduced to carbon monoxide and ultimately 
into hydrocarbons, by the influence of dissociated 
hydrocarbons. 
Failure to It should be added that all attempts by Engler to 
obtain obtain similar products from fish and other animal 

petroleum ^ ^ 

from fish, remains were totally unsuccessful. Engler therefore 
concludes that some change in the animal remains 
must have taken place in the earth, whereby all 
nitrogenous and other matters, save fats, were removed, 
the petroleum being formed from the fat alone, by the 
combined action of pressure and heat, or by pressure 
only. 

zaioziecki's Zaloziecki, who is an adherent to the theory of 
animal origin, believes that the first products of the 
decomposition of animal bodies would be nitrogenous 
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matter and adipocere, which comprises the fatty 
matter of the remains, and that the adipocere would 
become covered with sediment and gradually con- 
verted into fatty acids, which finally decompose into 
hydrocarbons. He is of opinion that adipocere, 
ozokerite, and liquid petroleum are produced in the 
order named. 

Ochsenius considers that the halogens in the water ochsenius'a 
found with petroleum have had much to do with ^*®^®- 
the production of the petroleum, being of opinion 
that the fatty matters of decomposing animal bodies 
are converted into petroleum under the action of 
certain salts, notably alkaline bromides and aluminium 
chloride. Zaloziecki, however, points out that the 
water found with petroleum is not always saline, 
and expresses the view that the action of salt is 
merely to arrest putrefaction. 

Lesquereux states that at Lund (Scania) masses of Lesque- 
seaweed change into viscous fetid oily matter, saturating "^c"*'* views, 
the sand with which they are intermixed, and retaining 
no trace of structure. The Sardinian salt-marshes are 
also occasionally covered with fucus, which decomposes 
into oil. He regards the Pennsylvanian petroleum as 
due to marine vegetation, whilst coal is derived from 
terrestrial fibrous plants. Such marine vegetation 
abounds throughout the Silurian and Devonian rocks. 

Broadly it may be said that the theories which critical 
ascribe an inorganic origin to petroleum are considered considera- 
inadmissible by most geologists and others who are various 
acquainted with the conditions under which the many **^®°"«8- 
widely-different descriptions of the product are met 
with. It must be admitted that when such eminent 
chemists as Berthelot and Mendeleeff give the weight 
of their authority to the theories already described, 
the question deserves the most careful consideration. 
A distinction must, however, be drawn between the 
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abstract or theoretical possibility of petroleum having 
been produced by the agencies referred to, and the 
probability that it was actually so produced. The 
more recent investigations of Moissan may be said 
to afford experimental proof of the possibility of hydro- 
carbons having been generated from metallic carbides, 
but previous to these investigations that possibility 
was not doubted. The question* is not whether the 
assumed reactions would yield petroleum, but whether 
in the light of facts derived from a study of the known 
deposits of petroleum it is reasonable to conclude that 
the oil found in such deposits had its origin in these 
reactions, and, of course, in dealing with this question 
we are necessarily to some extent hampered by the 
proverbial difficulty of proving a negative. In this 
connection it has been pointed out by Phillips that 
practically no free hydrogen is found in natural gas, 
and that this gas must have been produced con- 
currently with hydrocarbons by the action of steam 
upon metallic carbides. Also, that whilst paraffins 
alone cannot be produced by such chemical reaction, 
the gaseous product resulting from the action of 
dilute sulphuric acid upon ferromanganese contains 
six per cent, of olefines, and natural gas contains 
neither olefines nor carbon monoxide. The strongest 
argument, however, against the inorganic theory lies 
in the extreme probability and generally highly 
satisfactory character of the organic theory, based 
as the latter is upon logical deductions drawn 
from a careful study of the principal deposits of 
petroleum. 

We may now proceed to consider the mode of 
accumulation of the vegetable and animal remains 
from which we may reasonably conclude that the 
petroleum of commerce was produced, and the nature 
of the chemical changes which the deposits underwent. 
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We shall then be in a position to form a judgment as 
to how far those who have practically rejected the 
theory of dual organic origin, and pinned their faith 
to the view that animal remains were practically the 
sole source, are justified in taking that attitude. 

Whether we regard petroleum as the product of Extent of 
the decomposition of vegetable matter or of animal ^^^'* *' 
organisms or of both, it is necessary to assume the 
existence of adequate deposits of these bodies. It is 
not, however, difficult to account for such accumulation. 
In the comparatively deep and quiescent water along 
the margin of the land there would be abundant 
opportunity for the deposition not only of the remains 
of marine animals and plants, but also of vegetable 
matter brought down to the coast by the water courses, 
and the changes which the earth has undergone would 
result in the burial of these substances under sedimen- 
tary mineral matter, the deposits thus formed being 
ultimately, as the result of further alterations in the 
earth's surface, in some cases found occupying positions 
far removed from the sea and often beneath immense 
thicknesses of subsequent deposits. It has been Practical 
pointed out by Andrusov that the conditions present oJ^formation 
in the Karabugas gulf in the Caspian Sea afford an of deposit, 
excellent illustration of the manner in which the 
accumulation probably occurred. Into this gulf fresh- 
water streams are discharging large quantities of 
vegetable matter and fish. The latter are killed by 
the strongly saline wat^r, but this water prevents 
putrefaction of the remains, and as there are no 
animals to feed upon these remains, deposits of organic 
matter are speedily formed. 

It may, therefore, be said that, at any rate as Processes 
regards the formation of suitable deposits, the pro- stun^**^^^ 
cesses by which we may assume petroleum to have operation, 
been formed are in operation at the present time, 
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and we may probably even go so far as to say that 
ultimately the vegetable and animal remains now 
being deposited may in part give rise to further stores 
of oil for the use of future generations. It should, 
however, be remarked that obviously a special process 
of decomposition is needed to produce the result, and 
we have now to consider the nature of the changes 
which produced petroleum from vegetable and animal 
remains. 
Objections Attention has already been drawn to Hofer's argu- 
te theory of jnents in favour of the animal-origin theory, and it 
origin. now becomes necessary to consider the other side. As 

Zuber has recently pointed out, it is true that the 
petroliferous fish-shales, the Menilite shales, as they 
are called, of the Carpathian oil-fields contain remains 
of marine animal life, but this formation is not the 
only, or indeed the principal, oil-producing horizon of 
that district, the most important one, the Eocene, 
also the Ropianka calcareous shales, containing but 
few distinguishable fossils and animal remains in 
particular, though by no means lacking in organic 
residues. Moreover the hieroglyphs and pseudo-fucoids 
of the Flysch system, which were at one time con- 
sidered to be animal remains, are now by many 
regarded as probably vegetable. Furthermore, the 
highly petroliferous and ozokerite-bearing sub-Carpa- 
thian Miocene saliferous clay formation at Boryslaw in 
Galicia, though yielding practically no animal remains, 
is rich in undoubtedly vegetable residues, notably 
fir-cones, partly carbonised, partly converted into 
ozokerite, and embedded in rock salt. Wall has 
pointed out that in addition to the Pitch Lake there 
are in Trinidad deposits of bitumen in situ, confined 
to particular strata which were originally shales con- 
taining vegetable remains. Wall considers that these 
have undergone what he terms a special mineralisation, 
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producing a bituminous matter instead of coal or 
lignite, this operation being in his opinion not 
attributable to heat, but being due to chemical re- 
actions at the ordinary temperature and under the 
normal conditions of climate. Wall also mentions the 
occurrence of wood partially converted into bitumen, 
which when subjected to the action of a suitable 
solvent leaves woody tissue. One of the authors has 
in his possession specimens of soft woody fibre con- 
taining petroleum, which were found by the late Mr. 
George Scott in strata yielding small quantities of 
oil and gas at depths of 40 to 50 feet and 60 to 
70 feet, during the drilling of a well at Digboi, Assam, 
in 1893. 

From ' these remarks it wouJd appear that the Evident 
deduction drawn from Hofer s argument that petro- guaufication 
leum is found in primary deposits accompanied . by of Hofer's 
animal remains, but never more than slightly by the ^**^* 
remains of plants, requires much qualification. 

As regards the support which the results obtained Value of 
experimentally by Engler are held to lend to the ^suits'* 
theory of animal origin, it should be remembered that 
the material operated on was a fatty oil or a fatty 
acid, and that similar results were not obtained by the 
distillation offish-tissue under like conditions. Assum- 
ing petroleum to have been formed in nature by the 
decomposition of a neutral fat, such as olein, it is 
possible that the source of such oil may at any rate 
in part have been vegetable and not animal remains. 
It should be added that most authorities ar<3 agreed 
that the chemical changes which have resulted in the 
conversion of vegetable or animal matter, or both, into 
petroleum, liave occurred, possibly or probably under 
great pressure, but at ordinary or very moderate 
temperatures, whilst Engler's results were obtained 
at high temperatures. It is true that it may be 
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contended that very prolonged action at ordinary 
temperatures may produce the same effect as a short 
exposure to a much higher temperature, but this is 
not invariably the case. 
Conclusions Whatever may have been the precise nature of the 
as to origin. (jh^u^JcaJ changes which have occurred, it does not 
seem reasonable to regard animal remains as the sole 
source, and the view which appears to be generally 
held by authorities in the United States is that 
petrolemn of which the oil of Pennsylvania may 
be taken as the type is probably of vegetable 
origin, whilst certain other descriptions, such as 
that of Canada, are equally probably of animal 
origin. 
Part played In the aggregation of the petroleum it is possible 
a^^re^adon ^^^^^ ^^^y ^^® played an important part, for it has 
been noticed that this substance possesses in a high 
degree the power of absorbing mineral oil. 
Whether Within the limited space available in this work it is 

wh^enow ioapossible to discuss in detail the question whether 
found. petroleum was formed where it is now found, and the 

following remarks of Dr. Orton, which summarise in a 
judicial spirit the conclusions of geologists in reference 
Uo the oil-fields of the United States are therefore 
quoted : 
Dr. orton's " Petroleum is undoubtedly indigenous to, and de- 
rived from, certain limestones, as Hunt has so strongly 
asserted. The Trenton limestone is undoubtedly the 
most important source of oil and gas in the geological 
scale of the United States at the present time. On 
the other hand, Newberry's doctrine, that the great 
supplies of the Pennsylvania field are derived from^ 
Devonian shales, is becoming more firmly established 
and more generally accepted every year, though it 
seems likely that he has laid too much stress on 
bituminous shales. In other words, the theories are 



remarks. 



Digitized by 



Google 



INTRODUCTORY. 21 

not exclusive of each other. Different fields have 
different sources. We can accept, without inconsis- 
tency, the adventitious origin of the oil in Pennsylvanian 
sandstones, and its indigenous origin in the shales of 
California, or in the limestones of Canada, Kentucky 
or Ohio." 
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CHAPTER II. 

SOURCES OF SUPPLY. 

Geographical and Geological Occurrence. — 

It is often erroneously supposed that petroleum is a 
comparatively rare substance, the ti^uth being that 
there is scarcely any part of the globe in which traces 
of it do not occur. It is an equally common mistake 
to imagine that the discovery of petroleum is neces- 
sarily of commercial importance. Whilst there are 
few substances more widely distributed in nature, the 
conditions requisite for the formation of a valuable 
store of the material unfortunately exist only in a 
limited number of localities, although, as is well 
known, the areas in which it occurs in abundance are 
extensive. 
No con- No fixed connection has been shown to exist between 

Hmhs^ofiand ^^^ localities where petroleum is known to occur and 
and aca. the present limits of land and sea ; equally rich, and 
equally scanty, deposits being found inland on the 
continents, and in the oceanic islands. Bitumen is 
also met with to about an equal extent in the tropics, 
the temperate regions, and the polar districts, but the 
greater part of the oil-fields of the world are situated 
north of the equator. 
Association Attention has been drawn by several writers to the 
with moun- circumstance that the principal petroleum deposits are 

tain ranges. . . , • i • i i . 

mtimately associated with the great mountam ranges. 
Thus Peckham states in his admirable Census Report 
on Petroleum that in the New World oil is foimd at 



Digitized by 



Google 



SOURCES OF SUPPLY. 23 

the North -West in Alaska and in the Mackenzie 
district, whilst other producing areas extend from 
Point Gaspe in Quebec to Nashville in Tennessee ; 
from San Francisco to San Diego ; from Northern 
Nebraska along the Missouri river, and directly south 
of the Gulf of Mexico ; from Cuba through the Lee- 
ward and Windward Islands to Trinidad and thence 
along the northern portions of South America to the 
Magdalena River, and southward to Cape Blanco in Peru. 

In the Old World, passing westward from Baku, we 
find oil at many points along the range of the Cau- 
casus Mountains, whilst on the northern and southern 
slopes of the Carpathians we have the well-known 
deposits of Galicia and Roumania. 

It must not, however, be assumed that there is any No neccs- 
connection between the origin of petroleum and the asTe'^ardT" 
positions of the deposits in relation to the mountain origin, 
ranges, the rational explanation of the " intimate 
association " referred to being that it is usually in the 
neighbourhood of the mountains that the strata have 
by the same changes as those which created the 
mountains and valleys been thrown into a form suitable 
for the aggregation of the oil. 

Some form of bitumen appears to have been pro- Geological 
duced in all the principal divisions of geological time, ^aphicai 
and in the following table, prepared by Mr. W. H. distribution 
Dalton, the various localities in which bitumens have ^^^'^^'^^^s- 
been found in large or small quantities are classified 
geologically : 

Quaternary . Lancashire, Schleswig-HolsteiD , Red Sea, Mexico. 

Pliocene . . Italy, Sumatra, Borneo, New Zealand. 

Miocene . . Auvergne, Italy, Algeria, Egypt, Zante, Rou- 
mania, Austria, Caucasus, Persia, Turkts- 
tan, Assam, Burmai, Eastern Archipelago 
(Java, Sumatm, Borneo, etc.), Japan, 
Al&««ka, California, Mexico, West Indies, 
New Zealand. 
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Oligocene . 



Eocene 



Cretaceous 



Neocomian 



Jurassic 



Triassic 
Permian 
Carboniferous 



Devonian 
Silurian 

Cambrian 

ARCHiEAN 



Switzerland, Elsass, Gktlir.ia, Caucasus, Alaska, 
and other areas included under Eocene or 
Miocene by various authors. 

Spain, Italy, Egypt, Turkey, Koumania, Austria, 
Caucasus, Baluchistan, Punjab, Assam, 
Burma, Eastern Archipelago, Utah, Texas, 
Mexico, New Zealand. 

Switzerland, Hanover, Greece, California, 
Wyoming, Colorado, Athabasca, New 
Zealand. 

Spain, East France, Switzerland, Hanover, 
Austria, Roumania, Syria, Venezuela, West 
Indies and other areas included under 
Cretaceous by various authoi-s. 

England, Switzerland, Elsass, Hanover, Colo- 
rado, Mexico, Argentina and possibly 
other South American regions. 

Elsass, Hanover, Punjab, China. 

Autun, Saxony. 

Great Britain, South Russia, Central and Eas- 
tern United States, New Brunswick. Some 
of the deposits now assigned to the Car- 
boniferous were formerly classified with 
the Devonian. 

England, North Russia, Ontario. 

East Canada, Central and Eastern United 
States, Newfoundland. 

British Columbia and Alberta (Kootenay Pass). 

Sweden (bituminous gneiss of Nullaberg), East 
Canada (graphite). 



Principal 
deposits in 
old and 
young rocks. 



Whilst, however, petroleum occurs in all the chief 
geological divisions, the important deposits are all 
found either in the older rocks or in the compara- 
tively young Tertiary formation, the intermediate 
periods yielding far less abundantly. In this connec- 
tion it may be mentioned that the beds which do not 
yield oil are in general just as well fitted to hold and 
discharge it as those which produce it abundantly, but 
the conditions requisite for the formation or preserva- 
tion have been absent. 
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A certain conformation of the strata is requisite for Requisite 
the concentration of the petroleum product in such t^nofstrata. 
strata, and it has long been recognised that the anti- 
clinal* or terrace-structure which characterises the 
principal oil-fields is a most important factor in the 
accumulation of the oil. The anticlines, which have Anticlines 
been foroied by the slow contractile movements of the ^^is"***^' " 
earth already referred to, usually occur as a series of 
broad low arches, separated by synclines. They often 
extend for long distances, and with great regularity, 
but are not infrequently crossed by subsidiary anti- 
clines, which themselves play a not unimportant part 
in the aggregation of the oil. Owing to difference of 
density the oil and water .present separate into 
two layers, the upper consisting of oil which fills 
the anticlines, whilst the water remains in the syn- 
clines. Any gas which may be present rises to the 
summits of the anticlines. When the slow folding of 
the strata is accompanied by a gradual local descent, 
a modified or " arrested " anticlinal structure known 
as a ** terrace" is produced, the upheaving action at "Terrace" 
that part being sufficient only to arrest the descent ®*™^*"''^- 
which would otherwise occur. The terraces may thus 
be regarded as flat and extended anticlines. They 
need not be horizontal, and sometimes have a dip of a 
few feet per mile, as in the case of the Ohio and 
Indiana oil-fields, where the dip varies from 1 to 10 
feet. These slight differences in level, however, are 
found to have a most powerful effect in the direction 
already mentioned. Generally, it may be said that 
the strata from which the main supplies of oil and gas 
have been obtained in the United States are usually 
unbroken, nearly horizontal, and but little disturbed. 

* When strata lie in this shape -^^ , they are said to form an 
anticlinal or anticline ; when in thi^ shape ^-^^^ a synclinal or 
syncline. 
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The importance of the anticlinal structure has been 
equally observed in the oil-fields of the Caucasus, the 
Carpathians and elsewhere. 

The formation of large deposits of petroleum is, how- 
ever, dependent upon something more than we have 
yet considered. We may have the necessary deposit 
of organic matter, subjected to the requisite conditions 
to effect its conversion into petroleum, and we may 
have the anticlinal structure favouring the accumula- 
tion of the oil produced, but in addition we need a 
rock of sufficient porosity to serve as a reservoir for the 
oil, and above it an impervious stratum to preserve the 
oil from evaporation and oxidation, and from being dis- 
placed by water. 

The principal deposits which provide the necessary 
porosity for the storage of the oil are sandstones, con- 
glomerates, and limestones. Shaly sandstones and 
slaty shales also serve as reservoir-rocks in a lesser 
degree. In the case of limestones, a natural porosity, 
such as is found in the coarsely -crystalline varieties, 
or a certain amount of chemical change resulting in 
the formation of intei*spaces capable of receiving the 
oil, appears to be necessary for the formation of a tnie 
reservoir-rock. Such change is usually dolomitic, con- 
sisting in the conversion of the calcium carbonate 
forming the limestones into the double carbonate of 
calcium and magnesium known as dolomite, this 
occupying less space than the unaltered limestones. 
It is therefore characterised by the prcduction of such 
numerous spaces between the dolomite crystals that 
the rock becomes capable of retaining a large volume 
of oil. This dolomitic change appears to be capable of 
occurring only in the purer limestones. The Trenton 
limestone, for instance, is thus modified only where 
almost free from silica, the changed parts showing 
about 54 per cent, of calcium carbonate and 44 
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per cent, of magnesium carbonate. A large pro- 
portion of the Trenton limestone is too impure 
to permit of the change, and is destitute of oil and 
gas. Even in rich oil- fields the dolomite has only 
been formed in a small portion of the stratum. When 
followed northward in Ohio and Indiana, the Trenton 
limestone is found to have become dolomitic through 
a small thickness only of its upper beds. The changed 
and unaltered portions occur at short intervals, but 
only the former contain the oil and gas. The change 
usually affects from 10 to 50 and in some cases 100 
feet of the stratum, and has occurred along a line 
passing into Indiana through the principal oil and gas 
fields of Ohio. 

In addition to possessing a porous structure, the Usuai 
reservoir-rock must be entirely covered by an impervious ^^P^^vious 

J J r ^ cover. 

layer, the commonest and most perfect cover being a 
fine-grained shale, whose imperviousness and freedom 
from fracture are essential to the complete preservation 
by the reservoir-rock of its liquid or gaseous contents. 
The fractured character of the strata in Central and 
Eastern Pennsylvania may account for the absence of 
oil and gas in these districts. In oil-bearing territory 
the occurrence of a porous rock beneath a cover-rock 
usually results in the formation of an oil-field. 

As regards the capacity of the various oil strata to capacity of 
serve as an oil reservoir, experiments performed on the p°^°"^ ''^^^• 
rock itself have shown that an oil-bearing pebble-rock 
may contain one-tenth or even one-eighth of its bulk 
of oil ; and, as Carll has observed, the pores of the 
rock would permit of the ready removal of the largest 
supplies ever obtained, without the necessity for the 
channels which were at one time supposed to exist. 
The dolomitised portions of the Trenton limestone have 
been found to possess about the same capacity. Orton 
has pointed out that if a stratum a few hundred feet 
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in thickness carries but one-tenth per cent, of petroleum, 
every square mile of such territory would contain more 
oil than has ever been removed from a like area of the 
most productive field ; and, taking Sterry Hunt's calcu- 
lation of the oil contents of the petroliferous dolomite 
of Chicago as a basis, he has determined the probable 
contents of the almost universally-petroliferous Water- 
lime stratum of Ohio. Estimating, he says, its petro- 
leum content at one-tenth of one per cent, and 
the thickness of the stratum at 500 feet — both of 
which figures are probably within the limits — we find 
the petroleum contained in it to be more than 
2,500,000 barrels to the square mile. The total pro- 
duction of the great oil-field of Pennsylvania and 
New York to January 1885 was 26,000,000 barrels. 
It would require only thiee ordinary townships, or a 
little more than 100 square miles, to duplicate this 
enf)rmous output from the Waterlime alone. These 
estimates would account for a yield far exceeding the 
amount that has actually been obtained, although, as 
pointed out by Ashburner, small areas of the best 
fields of Pennsylvania have yielded as much as 
900,000 barrels per square mile. In the enormously 
rich petroliferous region of Baku the oil-sand is esti- 
mated to contain one-fifth of its bulk of petroleum. 

Oil and gas are met with in drilled wells not 
infrequently under great pressure, the highest pressures 
occurring as a rule in the deepest wells. The closed 
pressure in the Trenton limestone in Ohio and Indiana 
is about 200-300 lbs. per square inch, although a much 
higher pressure has been registered in many wells. 
The gas-wells of Pennsylvania indicate about double 
the pressure of those drilled in the Trenton limestone, 
600-800 lbs. not being unusual, and even 1000 lbs. 
having been recorded. The extremely high pressure 
under which the oil is met with in wells drilled in 



Digitized by 



Google 



SOURCES OF SUPPLY. 29 

some parts of the Russian oil-fields is a matter of 
common knowledge, and a fountain or spouting well 
resulting therefrom is one of the ** sights" of the 
country. A famous fountain in the Grozni oil-field 
in the northern Caucasus, which began to flow in 
August 1895, was estimated to have thrown up during 
the first three days 1,200,000 poods (over 4,500,000 
gallons, or about 18,500 tons) of oil a day, quickly 
destroying the derrick which had been erected. It 
flowed continuously, but in gradually diminishing quan- 
tity, for fifteen months, and afterwards periodically. 

The following theories have been propounded to cause of the 
account for the pressure : pressure. 

(1) That it results from the weight of the overlying 
strata. 

(2) That it is due to water-pressure^ as in artesian 
wells, the percolating water which enters the stratum 
at its outcrop forming the " head." 

(3) That it is caused by the gradually accumulating 
gas having had no opportunity for escaping, and being 
thus brought into a highly compressed condition. 

Lesley has pointed out that the first theory is Lesley's 
evidently untenable, and is now practically abandoned. <^"**^*»"™®- 
Even the most friable of the reservoir-rocks is capable 
of resisting the pressure of the overlying deposits; 
thus the weakest portions of the Trenton limestone 
have been shown to withstand a crushing weight of 
720 tons to the square foot, whereas the pressure on 
the stratum at the bottom of a well of over 1000 feet 
in depth would be only about 80 tons. The rocks are 
also found perfectly compact at all depths reached by 
the drill. 

The hydrostatic or artesian theory has many dis- Hydrostatic 
tinguished advocates, and has been particularly upheld ^^*^^- 
by those who have studied the great gas-fields of Ohio 
and Indiana ; whilst, on the other hand, it appears to 
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be quite inapplicable to the fields of Pennsylvania and 
New York, where, if not in all other fields, the third 
theory is evidently perfectly tenable. 

Sources of Commercial Supplies. — At one time 
the world s supplies of petroleum products were almost 
wholly contributed by the United States, but for some 
years past very large quantities have been obtained 
from Southern Russia, and the output of crude petroleum 
in "Russia is now greater than that of the oil-fields of 
America. The Russian petroleum industry has, how- 
ever, long since become a fuel industry, the original 
primary product for use in lamps now occupying the 
position of a by-product in the manufacture of the 
fuel-oil (astatki), of which the crude oil yields about 
60 per cent., and only a comparatively small pro- 
portion of the less volatile hydrocarbons being con- 
verted ipto lubricating oils and gas-oil. It will thus 
readily be understood that it has been possible to build 
up a business of immense magnitude and importance 
without much interference with the older petroleum 
industry of the United States ; and it may be added 
that the effect of such competition as has arisen has 
been more than balanced by increased consumption, 
so that the American petroleum industry may be said 
to be in a more flourishing condition than at any previous 
period in its history. 

The present tendency is, unquestionably, in the 
direction of the development of a number of more or 
less local centres of production, with the result that 
a gradually-increasing number of countries are con- 
tributing to meet the ever-growing demands for 
petroleum products. At the same time it seems 
probable that, owing largely to the suitability of the 
crude oil found in a large number of the United States 
oil-fields for the manufacture of the whole series of the 
usual commercial products, the American petroleum 
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trade will long continue to occupy a position of supre- 
macy in respect of such products. 

Amongst other countries in which petroleum is Various 
obtained in large quantities are Canada, Galicia, countricsf 
Roumania, the Eastern Archipelago (Java, Sumatra, 
and Borneo), Burma and Japan. It is also produced 
in Elsass, Italy, Assam, and Peru, and is known to 
occur in many other places in Russia and the United 
States besides those in which it is being worked, also 
in the North- West Territories (in the district of Atha- 
basca), the Province of Quebec (near the extremity of 
the Gaspe peninsula), Ecuador, Colombia, Mexico, 
Alaska, Algeria, Hungary, the Gold Coast, Newfound- 
land, the West Indies, and New Zealand. 

The United States Petroleum Industry. — 
According to the report of the United States Geo- 
logical Survey on the production of petroleum in the 
United States during the year 1899 (the report for 
1900 is not yet issued), compiled by Mr. F. H. Oli- 
phant, the most conspicuous features of the industry 
for that period were (1) the total production was con- Features of 
siderably in excess of that of the previous year ; (2) ^^^ industry, 
there was a large increase in the number of wells 
completed in both the Appalachian and the Lima- 
Indiana oil-fields ; (3) in South-Eastern Ohio and in 
Texas there was a largely increased production ; and (4) 
only about 7 per cent, of the total production was 
obtained outside the Appalachian and Lima-Indiana 
fields. 

The Appalachian field includes all the districts "Pennsyi- 
producing what is known as "Pennsylvania oil." I^dMrict^*^ 
extends from Wellsville in New York State on the 
north-east, through western Pennsylvania into West 
Virginia, and includes a large portion of south-eastern 
Ohio. Its extension through Kentucky and Tennessee 
into northern Alabama has not been attended with 
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any noteworthy developments. The total production 
in the Appalachian field for 1899 was 33,050,076 
barrels, as compared with 31,711,857 bairels in 1898. 
The greatest increase was in south-eastern Ohio, 
where the output was more than doubled, and the 
greatest falling off was in Pennsylvania. 

The Lima-Indiana field includes the whole of Indiana 
and that portion of north-western Ohio in which Lima 
petroleum, found in the Trenton limestone, is produced. 
The production decreased from 20,321,323 barrels in 
1898 to 20,225,356 barrels in 1899. 

The following is a tabular statement of the pro- 
duction in the various States for the years 1897, 1898, 
and 1899 : 









PRODUCTION 






1897. 


1898. 


1899. 


state. 




Barrels. 


Ban*els. 


Barrels. 


New York 




1,279,155 


1,205,250 


1,320,909 


Pennsylvania 




17,982,911 


14,743,214 


13,053,603 


West Virginia 




13,090,045 


13,615,101 


13,910,630 


Ohio 




21,560,515 


18,738,708 


21,142,108 


Indiana 




4,122,356 


3,730,907 


3,848,182 


Kentucky 




322 


5,568 


18,280 


Missouri 




19 


10 


132 


Colorado 




384,934 


444,383 


390,278 


California 




1,903,411 


2,257,207 


2,642,095 


Texas . 




65,975 


546,070 


669,013 


Indian Territory 




625 








Illinois . 




500 


360 


360 


Wyoming 




8,650 


5,475 


5,560 


Kansas .... 


81,098 


71,980 


69,700 
57,070,850 






60,475,516 


55,364,233 
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The total production of crude petroleum ^ in the Total 
United States during 1899 was 57,070,850 barrels (of f^' u"^*^°^ 
42 American gallons or about 35 Imperial gallons), states, 
as compared with 55,364,233 barrels in 1898 and 
60,475,516 barrels in 1897. 

The aggregate output of the oil-fields of the Aggregate 
United States during the past forty years (up to the during past 
end of 1899) amounts to no less than 943,513,609 4© years, 
barrels. If we allow 5*6 cubic feet to one barrel of 
petroleum, this quantity of oil would fill a space 
equivalent to 5,283,676,210*4 cubic feet. The sides of 
a cube to contain this volume of oil would have to be 
1741*7 feet in length. This amount of oil would fill a 
tank with a base of one square mile to a height of 189 
feet. It would fill 31,450 iron tanks of 30,000 barrels 
capacity, and these tanks, touching side to side, and 
placed in a straight line, would extend a distance of 
nearly 480 miles. Of this great total, Pennsylvania 
has furnished 62 per cent. ; Ohio, 23 per cent. ; West 
Virginia, 9*3 per cent. ; Indiana, 3 per cent. ; and 
California, 1*5 per cent. ; leaving 1*2 per cent, as the 
quantity furnished by the other States producing 
petroleum. 

The Russian Petroleum Industry. — The pro- 
ducing territory in the Baku district comprises the oil- 
fields of Balakhany, Sabuntchi, Romany, Binagadi, The various 
and Bibi-Eibat, the aggregate area being under ten g^^^* 
square miles. The Balakhany-Sabuntchi territory, 
and the adjoining districts of Romany and Bmagadi, 
are situated on the Apscheron peninsula, about eight 
miles north-east of the town of Baku, whilst the Bibi- 
Eibat field lies two to three miles south of Baku. The 
production of these fields during the last three years Production. 
(1897 to 1899) has been as follows : 
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District 


1897 
Poods. 


1898 
Poods. 


1899 
Poods. 


Balakhany 
Sabuntchi 
Eomany . 
Binagadi . 
Bibi-Eibat 


100,336,495 
162,610,054 

96,266,133 
197,462 

62,514,479 

421,924,623 


108,836,439 

179,828,697 

100,523,699 

227,730 

96,526,783 


114,854,151 
230,757,289 

98,581,782 
213,386 

80,840,807 

525,247,415 


485,943.348 



Qrozni 
district, 



1 pood = 36*1127 lbs. avoirdupois. NoU, — In comparing the 
production of crude petroleum in Bussia with the production of 
crude petroleum in the United States, 8 poods may be taken as the 
equivalent of the American " barrel " unit. 

In the year 1893 attention was directed to the pro- 
lific character of the oil-bearing lands of Grozni, in the 
Terek district, about 500 miles north of Baku, and 
recent developments in this field point to the con- 
clusion that the Grozni oil-field will be a formidable 
Production, rival of those at Baku. The production in the Grozni 
district during the years 1897, 1898, and 1899 has 
been as follows : 



1897 
1898 
1890 



27,568,794 poods. 
17,716,899 „ 
25,194,566 „ 



Petroleum also occurs in many places in the 
Apscheron peninsula, in the Kuban district, in the 
Crimea, and at Petchora, in the north of Russia, near 
the Ural Mountains. 

The Canadian Petroleum Industry. — In the 
Enniskillen district, in Lambton County, Ontario, 
petroleum has been obtained in large quantities for 
the past forty years. According to a statement made 
by the Imperial Oil Company, Limited, of Canada, the 
Production production was as follows for the years 1898 and 

in Canada, ^^ggg . 
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Diatripf 




Barrels of 35 imperial gallons. 




1898. 


1899. 


Petrolia . 
Oil Springs 
Bothwell . 
Plympton 
Dawn 
Euphemia 
Zone 
Button 




513,179 

133,366 

66,404 

25,000 

5,923 

5,227 

901 


a 528,641 

6 107,487 

65,044 

3,622 
704,794 






750,000 



a. Includes production from Plympton. 

b. Includes production from Dawn, Euphemia, and Zone. 

j^ote, — ^The imperial gallon has one-fifth greater capacity than the 
American gallon. The Canadian '^ barrel" of 35 imperial gallons 
contains 2*4 cubic inches more than the United States " barrel " of 
42 American gallons, so that the two units of measurement are 
nearly equivalent. 



Other Sources.— Petroleum is largely produced in 
Galicia (Austria-Hungary), Roumania, and Elsass. oaiicia. 
The Galician oil-belt extends for a distance of about 
220 miles along the northern slopes of the Carpathian 
Mountains, whilst the Roumanian deposits occupy the 
south-eastern and southern slopes of the Southern 
Carpathians or Transylvanian Alps. The Galician oil- 
fields have been worked by means of drilled wells for 
many years, but it is only recently that- those of 
Roumania have been similarly developed, though Roumania 
petroleum has long been obtained in the latter 
country from hand-dug wells. Owing to its favourable 
geographical position, and to the successful results of 
recent borings, Roumania seems likely to assume a 
position of considerable importance among petroleum- 
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Production producing Countries. The production of petroleum in 
in GaUcia. Qalicia in 1898 was as follows : 



Production 
in Rou- 
mania. 



District. 


Metric centners of 100 kilos. 
(220-462 pounds.) 


Drohobycz 

Jasielski .... 

Stanislau 

Other districts . 


2,200,780 

966,850 

106,870 

30,010 


3,804,510 



or 330,451 metric tons of 2,204*62 lbs., equal to 
2,376,108 American " barrels " of 42 gallons. 

The production of crude petroleum in Roumania in 
1898 and 1899 was, according to the Imperial and 
Royal Austro-Hungarian Consulate in Ploiesti, as 
follows : 



Locality. 


Tank carloads of 100 metric centners. 


1898. 


1899. 


Baicoi .... 
Glodeni .... 
Campina .... 
Doftana and Bustenari 
Ochisori and Matitza 
Sarata (Buzeu)) 
Tega . J • • 
Other localities 


840 
1,925 
2,650 
2,730 

160 

1,185 
1,667 


800 
2,800 
8,500 
8,860 

380 

1,890 
2,100 


10,657 


19,830 



. Other reports give a much larger production, trust- 
worthy statistics being difficult to obtain. 
Germany. The productiou of orude petroleum in Germany in 
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1899 amounted to 192,232 barrels. Of this, ths fields 
of Elsass yielded 168,203 barrels, and those of Hanover 
24,029 barrels. The production in Italy for 1898 was Italy. 
14,489 barrels, and of this 13,734 barrels were 
obtained in the Province of Piacenza. In the United United 
Kingdom petroleum has been met with only in small ^*"8:dom. 
quantities, but, as is well known, the production of 
mineral oil by the distillation of shale is an im- shaie oil. 
portant industry in Scotland, 2,137,993 tons of shale 
having been mined in Great Britain, chiefly for dis- 
tillation, during the year 1898. 

In Java the production of crude petroleum has for Java, 
several years past exhibited steady progression. In 
Sumatra the output, which for 1899 showed a con- Sumatra, 
siderable falling-off from that of the previous year, has 
lately been largely augmented. In Borneo the recent Borneo, 
drilling operations at Kotei have already resulted in 
a large production of fuel-oil, for the distribution of 
which adequate arrangements are being made. 

The production of the Japanese oil-fields for 1899 Japan, 
was reported to be about 800,000 barrels, and it is 
estimated to have been increased to probably as much 
as 1^ million barrels for the year 1900, the chief 
centres of activity being in Echigo. 

In Upper Burma the primitive hand dug wells in Burma, 
the Yenangyaung oil-fields, which, in the days of King 
Theebaw, yielded the " Rangoon oil " of commerce, 
have long been superseded by drilled wells, and an 
industry of great importance has been created by the 
Burmah Oil Company. According to the official 
returns, the production in India for 1898 was 
18,972,368 •imperial gallons (542,068 American 
"barrels"), and of this Burma contributed 92 per 
cent., the remainder being obtained in Assam, where A«sam. 
the Assam Oil Company has already met with remark- 
able success in drilling operations. 
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Peru. The production of crude petroleum in Peru for 1899 

was about 900,000 barrels. 
Magnitude It will thus be Been that the petroleum industry, as 

of industry i_i*» i»j^' n •! ±_ • ij_ 

as a whole. ^ whole, IS lu a condition of rapid extension, and to 
afford some idea of its present magnitude, it may be 
stated that a pipe 41 inches in diameter would be 
needed for the conveyance of the petroleum which the 
world is at present using, assuming a rate of flow of 
3 feet a second ; and that for the storage of a year's 
supply a rectangular cistern 929 feet in length, breadth, 
and height would be required. 
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The United States. — The petroleum well proper The petro- 
ls an axtesian well, and the development of the petroleum ^^^^ ^^^^ 
industry in the United States dates from the sinking 
of the first oil-well of this description in 1859. 

The first operation connected with the drilling Constmc- 
of a petroleum well is the building of the derrick, ^"^^i^k.*^* 
This structure is pyramidal in form, and consists of 
four strong timber uprights which rest on stout wooden 
sills and are held together by ties and diagonal braces. 
The depth of the well, or, more correctly, the length 
of the string of drilling tools, determines the height of 
the derrick. In most of the principal oil-fields of the 
United States, where the oil-bearing rock lies at a 
depth of 2000 feet or more beneath the surface, it is 
necessary to employ long and heavy strings of tools, 
and consequently here the derrick is at least 70 feet 
in height, by about 20 feet square at the base, and 
4 feet square at the summit. The upper ends of 
the four comer posts of the derrick are firmly held 
in position by a strong timber structure called the 
crovm-blocky which itself is surmounted by a pent 
roof. The floor of the derrick is slightly cambered, 
and the lower part of the structure is frequently boarded 
in. A ladder leads from base to summit of the derrick. 

Immediately outside the derrick, on the strong waiking- 
wooden foundation, stands the samson-post, a stout ^®*"^» **^- 
square pillar of wood, which carries the walking-beam. 
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Steam- 
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There is a smaller upright inside the derrick, termed 
the headache-post or life-preserver, to support the end 
of the walking-beam when disconnected. The end of 
this beam outside the derrick is connected by means of 
a rod called the pitman^ with a crank attached to the 
axle of the band-wheel. This wheel runs in bearings 
on two uprights, and is caused to revolve through the 
medium of a belt or band driven by a steam-engine in 
an adjoining shed, thus imparting a rocking movement 
to the walking-beam. 

The steam-engine is of the horizontal pattern, of 
12 to 15 h.-p., and is fitted with reversing gear. The 
boiler is of the locomotive type, and is often fired with 
natural gas. To the side of the derrick opposite the 
samson-post are fixed the bearings of the hull-wheel^ a 
wooden windlass of substantial construction, used for 
lowering and raising the drilling tools. The bull- 
wheel is driven by the hull-rope, a two-inch plain-laid 
cable, joined by iron couplings, which runs, crossed, in 
grooves in the bull-wheel and in the drive-wheel on 
the band-wheel shaft. The bull-wheel is provided 
with a powerful band-brake. A. second and smaller 
windlass, called the sand-reel, is also provided. This 
windlass is used for raising the detritus and water 
from the well. It is fixed close to the band-wheel, 
and one of its supports is pivoted to the foundation 
of the derrick. Attached to this support is a rod 
which passes into the derrick, where it is connected 
with a vertical lever. This lever actuates a friction- 
clutch on the sand-reel shaft, bringing it into contact 
Control by ^ith the band-wheel and thus imparting motion. The 
driller can, from the mouth of the well, start or stop 
the revolution of the sand-reel. The telegraph is an 
endless cord passing round a pulley on the throttle- 
valve of the engine and a similar pulley in the derrick. 
The reversing-link is also operated by a cord, and the 
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running of the engine can thus be controlled from the 
interior of the derrick. The bull-wheel being driven 
through the medium of the band-wheel, the pitman 
which gives motion to the rocking-beam is disconnected 
when the bull-wheel is used, and similarly the bull- 
rope is thrown off when the pitman is in use. The 
cable used to support the drilling tools is a six-inch Drilling 
(two inches in diameter) untarred Manilla rope. It ^^^ ^' 
passes from the great windlass over a grooved wheel, 
termed the crotvn-pidley, fixed in the crown-block at 
the summit of the derrick, and thence to the drilling 
tools. 

The principal tools used in drilling are : Driuing- 

tools. 
Rope- socket. 

Sinker-bar. 

Jars. 

Auger-stem. 

Bit. 

The jars may be likened to a couple of elongated and jars, 
flattened links of a chain constructed to slide freely 
within each other. This device was invented in 1831 
by William Morris, and its function is to give the drill 
a sharp jar on the upward stroke, thus loosening the 
bit if it has become jammed in the rock. 

The jars practically divide the string of tools into 
two sections, the one delivering a blow downwards 
and the other a blow upwards. The auger or clnU^ Auger or 
which cuts and pulverises the rock, consists of the bit, 
or cutting tool, the auger stem to provide the neces- 
sary weight, and the lower link of the jars. The 
sinker-bar and upper link of the jars provide the sinker-bar. 
necessary momentum for delivering an upward blow 
on the inside of the lower link of the jars. Besides 
bits of various sizes, the necessary outfit includes 
reamers to enlarge the bore of the well, toiiiged sub- Reamers, 
stitnte placed above the bit to keep it from glancing 
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off, larger jars, temper screw, and clamps, wrenches, 
Bailer. saud-pumps to remove the detritus, and bailer to 

Temper- remove water from the well. The temper-screw 
screw. hangs from a hook on the end of the walking-beam 

over the mouth of the well, and its function is to 
provide for the gradual lowering of the tools as the 
drilling proceeds. At the lower end of the temper- 
ciamps. screw are the clamps, which can be screwed together 
so as to grasp the drilling cable at the required point. 
Sand- The sand-pump is frequently a plain cylinder of gal- 

vanised iron, about 6 feet or more in length, provided 
at the bottom with a valve opening inwards. This 
valve has a stem projecting downwards so that when 
the empty cylinder is lowered to the bottom of the 
well, the valve opens, allowing detritus to enter, and 
again, when withdrawn from the well and lowered into 
a trough, the opening of the valve permits the contents 
to escape. The valve, of course, closes by gravitation 
as the cylinder is raised from the well. Another form 
of sand-pump has, in addition to the bottom valve, a 
plunger attached to an iron rod passing through a 
stirrup spanning the top of the cylinder. This appa- 
ratus is suspended from the upper end of the plunger- 
rod, and when it reaches the bottom of the well the 
slackening of the rope allows the plunger to descend to 
the bottom of the cylinder. When the rope is 
tightened the plunger is first raised, thus facilitating 
the entrance of the detritus. When the plunger has 
reached the stirrup the cylinder itself begins to rise. 
The rope to which the sand -pump is attached passes 
over a small pulley at the top of the derrick and 
thence to the sand-reel. The bailer, which is used to 
remove water or oil from the well, is constructed 
similarly to the simpler form of sand-pump, but is 
Pishing- much longer. Besides the drilling tools it is necessary 
to provide a number of appliances termed Jishing-tools. 
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These, as their name implies, are for the recovery of 
drilling tools which may have been lost in the well, 
and their forms necessarily vary considerably. 

The first step in the drilling of a well is to sink a DnUing a 
conductor through the surface ground to the solid bed- ^*^"' 
rock. When the superficial clays and gravels are not 
more than 10 to 15 feet in thickness, a common well- 
shaft, 8 to 10 feet square, is dug to the rock, and a 
wooden conductor, somewhat greater in internal Conductor, 
diameter than the proposed bore of the upper part of 
the well, is placed so as to extend from the surface of 
the rock to the floor of the derrick, the gravel and 
mud being kept out of the well by a carefully-made 
joint between the rock and the conductor. When the 
depth of superficial soil is too great to admit of digging 
down to the rock, strong iron piping, called drive-pipe, Drive-pipe, 
furnished at the lower end with a sharp-edged shoe, is 
forced down by means of a mall working in guides, as 
in pile-driving. 

If the bed-rock is reached at a less distance than 
about 60 feet from the surface, the drilling tools cannot 
at first be used in the ordinary manner, and the drill- 
ing has then to be commenced by the operation termed 
spudding. In this operation the cable by which the Spudding, 
drilling tools are suspended is coiled two or three 
times round the axle of the revolving bull- wheel, the 
end being held by the driller; or the cable is 
attached to the crank of the band-wheel through the 
medium of what is known as a jerk-rope. In either 
method the Cable is alternately tightened and slack- 
ened. When a sufficient depth is reached to admit 
of the regular use of the drilling tools, the cable is Use of driu- 
properly coiled on the bull -wheel axle, the bull rope is *"^*°®^®- 
thrown oiF, the pitman connected with the crank, and 
the string of tools lowered to the bottom of the well. 
The jars having closed by the slackening of the cable. 
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the slack is taken up by turning the bull -wheel by 
hand until the cross-heads of the jars come together. 
A few inches of cable being then paid out, and the 
temper-screw suspended from the walking-beam being 
screwed home, the cable is grasped by the clamps at 
the lower end of the temper-screw ; sufficient cable 
being then uncoiled from the bull-wheel, the tools are 
suspended from the walking-beam, and upon the beam 
being set in motion the tools at once begin to rise and 
fall, the rate of movement being so timed that the drill 
delivers forty or fifty blows a minute. As the drilling 
proceeds, the driller, who has his hand on the temper- 
screw lever, gives the cable a slight twist, and thus 
causes the chisel-end of the bit to do its work evenly 
the entire surface of the bottom of the well. 



" Dressing ' 
the bit. 



Sand- 
pumping. 

Work 
continuous. 



Fishing. 



Casing the 
well. 



over 



From time to time it is necessary to draw the string 
of tools up into the derrick either for the purpose 
of "dressing" the bit, which consists in heating the 
cutting end in the forge-fire and hammering it out to a 
blunt edge of the required width (the object of " dress- 
ing '' is to preserve the width of the bit, as this deter- 
mines the diameter of the well) ; or it may be needful 
to remove the detritus from the well by means of the 
sand- pump. At night the derrick is lighted by a 
primitive form of lamp burning crude oil. The opera- 
tion of drilling is conducted day and night, but very 
seldom proceeds long without some accident neces- 
sitating the use of fishing-tools. Sometimes the fishing 
operation is unsuccessful, and wells have been abandoned 
after months of labour with the string of tools still in 
the hole. 

As the drilling progresses the bore-hole has to be 
lined with artesian casing, in order in the first place to 
exclude the water met with in the upper strata and 
afterwards to prevent caving. The casing is added in 
successive lengths screwed together. The exclusion of 
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water is effected by seating the lower end of the casing Exclusion of 
on a hard and impervious stratum lying below the ^****'- 
water-bearing formation, or by means of one of the 
various forms of " packer " designed to close the annular 
space between the easing and the bore-hole. When 
this has been effected a second string of casing is placed 
within the first, the drilling being continued through 
the second string, and as each string can usually only 
be lowered to a moderate depth, the finished well 
frequently contains several strings, each extending from 
the surface. As an illustration of the sizes and lengths sizes and 
of casing which may be employed the following par- J,^^^^® °^ 
ticulars are given : 

682 feet of lO-inch-^ 

internal diameter. 



682 feet of lO-mchl 
1,060 „ „ 7| „ I ii 
1,750 „ „ 6| „ J 



On completion the well is usually "torpedoed," with "Torpedo- 
the object of increasing the yield of oil. The torpedo ^^^^ ^^^ 
consists of a charge of nitro-glycerine in a suitable . 
"shell" which is lowered to the oil-bearing level and 
there exploded. 

The great majority of wells in the United States do Pumping 
not flow, and the oil has to be raised to the surface by ^^^^ ^®"' 
a pump. The arrangement employed for this purpose 
consists of a lift-pump attached to the lower end of a 
string of two-inch tubing extending to the bottom of 
the well, the sucker being connected with the walking- 
beam by a string of wooden rods passing up through 
the tubing. In some cases wells which would not 
ordinarily flow can be made to do so by confining the 
gas which would otherwise issue with the oil. 

Before the completion of the drilling of the well, a Receiving- 
circular wooden tank is erected to receive the oiL **'^^- 
Such tanks commonly hold about 250 barrels, but some 
are of two or even three times that capacity. As soon 
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as the well commences to yield, either by flowing or by 
• being pumped, notice is given to a representative of 
the transportation and storage company, who connects 
the tank with the company's mains, by means of a 
two-inch pipe. When the tank is full the quantity of 
oil is gauged by the company, 3 per cent, is deducted 
for " shrinkage," or loss in transportation ; one-eighth 
or other agreed proportion is appropriated to the land- 
owner ; the remainder is entered to the credit of the 
producer in the books of the company and a certificate 
for this quantity is given to the producer. In the 
early days of the petroleum industry in the United 
States, the only method of transporting the oil from 
the well was to place it in oak barrels holding from 
forty to fifty gallons, and to convey these barrels by 
road to Oil Creek, where their contents were emptied 
into barges holding about 2000 barrels. The navigation 
of Oil Creek was not ordinarily possible and was at all 
times attended with great risk, and much oil was lost 
through barges coming into collision. This method of 
transportation, in default of a better, continued until 
the latter part of the year 1862, when a branch of the 
Atlantic and Great Western Railway was carried into 
the oil regions, and at a later date the Allegheny 
Valley Railway was opened from Oil City, at the 
mouth of Oil Creek, to Pittsburg, and a number of 
narrow-gauge railways were constructed as feeders. 
Crude oil was at first conveyed by rail in barrels coated 
internally with glue, but the small quantity of water 
present in the oil wiis found to dissolve the glue and 
cause the barrels to leak. To remove this difficulty 
and to reduce the cost of handling the oil, tank waggons, 
consisting of two wooden tanks placed on an ordinary 
truck, were introduced in 1865-6. These early tank- 
waggons held from 2000 to 4000 gallons. In 1871 a 
tank-car similar to those now employed was introduced. 
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This consists of a horizontal cylindrical tank of boiler- Modem 
plate, lying upon a truck and furnished with a dome 
such as a horizontal steam-boiler has. The tank is 
provided with an orifice in the top of the dome for 
filling, and with a valve beneath, by which it can be 
emptied. The tank now employed is about 24 ft. 6 in. 
in length by 5 ft. 6 in. in diameter, and holls nearly 
4500 American gallons (3748 imperial gallons). Tank 
barges, 130 ft. in length by 22 ft. beam and 16 ft. in Tank 
depth, divided into eight compartments by oil-tight ^*'^^*^®- 
bulkheads, have been largely employed for the conveyr 
ance of oil on the Allegheny river. 

The credit of having first suggested the laying of a First pipe- 
pipe-line appears to belong to General Karns, but Mr. ^"^' 
Hutchinson was the first to carry out the idea. 
Hutchinson's pipe, however, was so defectively con- 
structed as to be useless. The first successful pipe- 
line was probably the one laid by Van Syckle, of 
Titusville, in 1865, and was four miles in length. It 
was not until 1875 that a trunk-line was laid. This First trunfcw 
extended from the lower oil country to Pittsburg, a 
distance of 60 miles, and was four inches in diameter 
As the refining trade developed it became concen- 
trated on the Atlantic seaboard and the shores ofconcentra- 
Lake Erie, the transportation of the crude material to *'°/* ?^ 

1 ^ . , . . . refining on 

the refineries thus becoming a business of great im- Atlantic and 
portance, and from 1878 to 1881-2 the construction ^*^® ^"*- 
of trunk-lines was continuous. The pipe used in these Pipe for 
trunk-lines is made specially, and is of wrought-iron, ^"*^'^-^^**- 
lap- welded. It is tested to a pressure of 1500 lbs. per 
square inch, the working pressure being 900 to 1200 lbs. 
or even more. The pipe is in lengths of 18 ft., 
provided at each end with coarse and sharp taper 
threads, nine to the inch, and the lengths are connected 
with long sleeve-couplings, also screwed taper. The 
line is usually laid two or three feet below the surface 
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of the ground, although in some places it is exposed, 
and at intervals bends are provided to allow for expan- 
sion and contraction. At the pumping-stations there 
are tanks of boiler-plate, usually about 90 ft. in dia- 
meter, by 30 ft. in height, the oil being pumped from 
the tanks of one station to those of the next, though 
sometimes a loop is laid round a station, and the oil 
has thus been pumped a distance of 110 miles with one 
engine. Worthington pumping-engines, from 200 to 
800 h.-p., are employed. These pumps have indepen- 
dent plungers, with exterior packing, valve-boxes sub- 
divided into small chambers and leather-lined metallic 
valves with low lift and large surfaces ; they are so 
constructed that before one plunger has completed its 
stroke another has taken up the work, thus keeping 
the column of oil in continuous motion. The pipe- 
lines are cleared of obstructions caused by sediment 
deposited by the oil, by the use of an ingenious 
instrument termed a "go-devil." This apparatus 
consists of a conical brush of steel wire furnished 
at the base, or rear end, with a leather valve in four 
sections, strengthened with brass plates and with steel 
wire guides. The " go-devil " is pumped through 
with the oil, and travels at about three miles an 
hour. Its progress can be traced by the scraping; 
sound emitted, and it is followed from one pumping- 
station to another by relays of men, who must not 
allow it to get out of hearing, otherwise, in the event 
of its progress having been arrested by an obstruction, 
it may be necessary to take up a considerable length of 
piping to ascertain its position. The oil is pumped 
into storage tanks, which are usually 93 ft. in diameter 
by 30 ft. in height, have slightly conical wooden roofs 
covered with sheet-iron, and hold 35,000 barrels each. 
Russia. — In the drilling of petroleum wells in the 
Baku district and other parts of Russia^ derricks and 
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drilling tools presenting a general similarity to those 
already described are employed, but in many cases a 
string of iron rods takes the place of the drilling cable, iron rods in 
These rods are from 40 to 60 ft. in length, and are "^" ''^^"^**' 
screwed together, an additional rod being added from 
time to time as the drilling proceeds. This system is 
by some considered preferable to the American, espe- 
cially when the strata to be drilled through lie irregu- 
larly, but it is, undoubtedly, far less expeditious, as Rod system 
considerable loss of time is involved in unscrewing the ^^®* ^. . 

•II - ^ n ^ expeditious. 

rods when the tools are required to be raistd from the 

well. The Russian wells are of much greater diameter weiis of 

than those in the United States, a commencing dia- ^«*^^*' 

. . ® diameter. 

meter of 26 inches or more being now not unusual, 
and are ordinarily lined with riveted casing, but as 
such casing is found to imperfectly exclude water, 
screwed artesian casing is now used for the smaller Casing, 
sizes. Owing to the large quantity of sand which is 
mingled with the oil, it is impossible to use ordinary 
pumps in the wells, and when the wells do not flow 
the oil is raised by a bailer, similar to the sand pump on raised 
or bailer already described as in use in the United ^y ^^^^i^*"- 
States, but of larger size. 



REFINING. 

The stills usually employed in petroleum refineries 
are of horizontal cylindrical form, constructed of boiler- 
plate, and surmounted by a dome furnished with a 
vapour-pipe. TKests stills, which may be 30 ft. in size of stuis. 
length by 12^ ft. in diameter, but are sometimes 
smaller, are set in brickwork furnaces, and are heated 
by solid or liquid fuel. When the crude oil in such Process 'of 
a still is subjected to gradually increasing heat, the ^^^jJi^'JJ^n 
constituents are successively converted into vapour, (intermit- 
substantially in the order of their volatilities, though **^*^' 
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the separation thus effected is by no means perfect, as 
the oils of higher boiling-point are to some extent 
carried over by the vapour of those of lower boiling- 
point. The vapourised oil passes through the vapour- 
pipe of the still into the condenser, which may consist 
of an iron pipe or series of pipes surrounded by cold 
water, and is thus brought again into the liquid con- 
dition. In this way any desired classification of the 
products may obviously be effected. 

The process described, in which the still is periodically 
refiUedjisknownasthe "intermittent system of fractional 
distillation," and is that which is always adopted in the 
United States, On the other hand, in Russia what is 
Continuous known as continuous distillation is employed. This 
involves the use of a series of stills heated to suc- 
cessively higher temperatures, which are carefully 
maintained, and the crude oil is caused to flow slowly 
and continuously through the whole series, being thus 
subjected to a steadily increasing heat while the tem- 
perature of the contents of each still remains practically 
constant. In this manner each still yields a product 
of given volatility corresponding with the temperature 
at which it is maintained. The loss of time, waste of 
fuel, and injury to plant involved in cooling down and 
re-heating the stills in the intermittent system are 
thus avoided. 

In practice it is usual to divide the distillation into 
two operations, the more volatile products, petroleum 
spirit and kerosene, being obtained in the first, and the 
residue being transferred to other stills to be heated to 
a higher temperature with the object of separating the 
lubricating oils, &c. 

The condensing aiTangement terminates in what is 
known as the tail-house^ where provision is made for 
diverting the stream of distillate into various tanks. 
The products, thus classified in accordance with in- 
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dustrial requirements, are usually purified by treatment chemical 
successively with sulphuric acid and a solution of **^***"*°*' 
caustic soda, followed by washing with water; but 
when the crude oil contains sulphur a special process 
is also adopted to remove this impurity. The lubri- 
cating-oil distillates yielded by petroleum containing paraffin 
solid hydrocarbons are subjected to a low temperature, s^P^f^t^on* 
when the paraffin crystallises and is separated from 
the oil by means of filter-presses and hydraulic presses. 
The paraffin is refined by treatment with animal char- 
coal, and may be thus rendered colourless, odourless, 
and tasteless. 

It will readily be understood that this is but a mere 
outline of the process of refining, but it will suffice to ProccAs 
give a clear indication of the principle upon which the ^^^1(^*1^^ 
refiner converts the raw material into the products 
met with in commerce. Information respecting the 
character of these products will be found in the following 
chapter. 

The manufacture of shale-oU carried out in Scotland Scottish 
conunences with the destructive distillation of the fn^^g^^ 
shale, crude oil and ammonia being obtained in this 
operation. The crude oil, amounting to about thirty 
gallons from the ton of shale, is fractionally distilled in 
substantially the same manner as the petroleum, con- 
tinuous distillation being adopted ; but, in consequence 
of the comparatively complex composition of the shale- 
oil, the operations, though similar in principle to those 
of the petroleum refiner, are less simple, at least two 
distillations being requisite to effect the desired separa- 
tion of the products. 

MARINE TRANSPORT. 

The building of tank steamships for the marine Tank 
transport of petroleum has steadily progressed, and ®*<^*°*®"' 
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every recent year has seen important additions to the 

fleet of these vessels, some of those recently launched 

having a carrying capacity of as much as 8500 tons. 

Principles of The essential features of construction of tank steamers 

construe- 

tion. ^^® • . . 

(1) Provision for the expansion of the oil under an 
increase in temperature. 

(2) Provision for keeping each tank full by automati- 
cally supplying any loss due to leakage or to contrac- 
tion consequent upon a fall in the temperature of the 
oil. 

(3) Provision for the escape of the gases given off by 
the oil. 

(4) Special precautions to prevent the passage of any 
oil into the boiler space. 

The engines and boilers are placed either amidships 
or at the after end of the vessel, being in either case 
Isolating Separated from the oil-space by coffer-dams. lu the 
cofifcr-dams. former method of construction the oil-tanks are both 
forward and aft of the machinery space, and the screw- 
shaft is carried through the after tanks in a tunnel. 
Division of The oil-tauks are subdivided by transverse bulkheads, 
oil-tanks. ,^^^ \yj ^^ amidships fore and aft bulkhead, the sides of 
the tanks being formed by the skin of the ship. 

STORAGE AND DISTRIBUTION. 

Ports of The kerosene imported into Great Britain and 

fhrunued" Ireland from the United States and Russia in bulk is 

Kingdom, landed at the ports of London, Liverpool, Manchester, 

Barrow, Bristol, Cardiff, Shields, Sunderland, Hull, 

London Plymouth, Dublin, and Belfast. In London the 

principal wharves are at Purfleet, Thames Haven, 

Millwall, and Beckton on the Thames, and at Bromley 

and Bethnal Green on the Lea Cut and Regent s Canal 

respectively. The tank steamers discharge direct into 
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the storage-tanks at Thames Haven, Purfleet and 
Beckton, and tank barges are employed for the landing 
of the oil at the other wharves named, the steamers 
lying, during the discharge, at moorings in the Thames 
at Greenwich and Black wall. There are also smaller smaUcr 
storage installations at Hammersmith, Battersea, ?ng[^^*, 
Fulham, Camber well, Hampstead, Camden Town, Bow, tions. 
Deptford and Greenwich, and there are many still 
smaller tank depots at railway stations and elsewhere 
to facilitate the distribution of the oil carried by barges 
and tank railway-waggons. The larger storage instal- storage 
lations are provided with vertical cylindrical iron or ^^^^f*" 
steel tanks, placed on the ground, but surrounded with 
a moat formed by embankments or walls, of a capacity 
equal to that of the tanks enclosed. These tanks are 
usually from about 40 to 70 ft. in diameter, by about 
25 to 30 ft. in height, but in some instances are iis 
much as 90 ft. across. The largest hold over one 
million imperial gallons, each inch of depth being 
equivalent to about 3300 gallons. Some of the tanks 
have a flat top with a raised edge forming a receptacle 
for water, and others a slightly domed top. At the 
distributing stations on the railways, horizontal cylin- 
drical tanks are employed. 

At Liverpool, the Mersey Docks and Harbour Board installations 
have erected, in the neighbourhood of the Herculaneum *^^*^*^°°^ 
Dock, a number of vertical cylindrical tanks, of about Manchester. 
2000 to 3000 tons capacity each, into which the tank 
steamers discharge direct through an 8 -inch pipe-line. 
There are similar installations on the Ship Canal, 
Manchester, and at the other ports already named. 

Comparatively little kerosene is now landed in 
barrels. Lubricating oils are imported in bulk from 
Russia, but from the United States have until quite 
recently been wholly brought in barrels. 

Under the regulations made by the Thames Conser- 
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vancy, petroleum spirit, which is brought into the port 
of London in barrels from the United States, is landed 
at Thames Haven. Provision for the storage of 
petroleum spirit in barrels is also made at the ports of 
Liverpool and Bristol. 

Gas-oil, which is imported in bulk, is to a large 
extent delivered direct from the steamer to the works 
of the gas companies, where it is stored in tanks of the 
usual construction. 

Kerosene is largely conveyed in bulk from the 
main storage-installations by rail in tank- waggons, or 
in some instances by tank-barges on the canals, to sub- 
sidiary storage-dep6ts, and is thence distributed to the 
retailers in the road tank- waggons with which readers 
of this book are familiar. In this manner most of the 
burning oil from the refineries of the United States and 
Russia now reaches the retail dealer without the em- 
ployment of the barrel, in which delivery was formerly 
made. 
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CHAPTER IV. 

COMMERCIAL PRODUCTS OF PETROLEUM, SHALE-OIL 
AND COAL-TAR. 

Crude petroleum, as it comes from the well, is an oily Nature of 
liquid varying in physical and chemical characters *^^^®j^^^ 
in different districts and countries, and at different 
depths in the same district. It is usually of a brown 
colour by transmitted light, but by reflected light Colour, 
commonly exhibits a green colour. Some descriptions 
are, however, so dark in colour as to appear black 
unless viewed in a thin stratum, and, on the other 
hand, crude oil is occasionally met with of a pale 
yellow colour. The odour of crude oil of good quality odour, 
is generally considered not unpleasant, but when 
sulphur compounds are present in the oil the odour 
may be mpst offensive. Crude petroleum is nearly 
always lighter than water, its specific gravity, accord- Specific 
ing to the authors' experience, lying between the ^^^^y- 
extremes of 771 and 1-020 (water = 1 '000), but being 
usually a little below -800 to less than '900. The 
lighter descriptions are highly inflammable, and very inflamma- 
freely give off vapour, not only at ordinary tempera- ^'^"^* 
tures, but even when cooled to zero Fahrenheit. 

Crude petroleum may be described as a complex Chemical 
mixture of hydrocarbons (compounds of carbon and 
hydrogen), ranging from the gaseous (for some descrip- 
tions of American petroleum evolve gas which has been 
held in solution) to the solid (paraffin wax), and we 
have seen in the previous chapter that the first object 
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of the refiner is to separate these hydrocarbons by frac- 
tional distillation, and group them in such proportions 
as to give the desired commercial products. Petroleum 
also frequently contains sulphur (as already mentioned), 
oxygen, and nitrogen. 
Division By distillation Pennsylvania petroleum yields from 

Commercial ^ *^ ^^ P®^ ^®^*- ^^ " naphtha," from 70 to 80 per cent, 
products. of " refined oils," and from 5 to 9 per cent, of " resi- 
« Naphtha." duum," the loss being about 5 per cent. The naphtha, 
on being re-distilled, may be divided into " gasoline " 
and the various other less-volatile products hereafter 
"Gasoline." described, but gasoline itself is sometimes further sub- 
divided into ** cymogene," " rhigolene," and " gasoline.'* 
"Cymo- Cymogene boils at 32° F., and can, therefore, only be 
^*"*' preserved in a liquid state in a freezing mixture or 

" Rhigo- under pressure, whilst rliigolene has a boiling-point of 
^^^^'' 65** F. These liquids, which have in admixture a 

specific gravity of '636, are used for surgical purposes as 
a local anaesthetic. A highly volatile product, of 
specific gravity '625, obtained from gasoline, has long 
been employed for the same purpose in Jidmixture with 
sulphuric ether. The generic term of " petroleum 
ether'' is applied to the product in question (not the 
mixture), but various other descriptions of " petroleum 
ether " made in this country are, as will be seen from the 
particulars subsequently given, of higher specific gravity 
Light and lower volatility. Gasoline, the specific gravity oi 

gasoline. which usually ranges from '642 to '648, is used to carburet 
air, in what are known as air-gas miwhines, for burning 
as an illuminant, and is also largely employed as fuel in 
««68o spirit," cooking-stoves in the United States. A product, 
"petrol," known formerly as "boulevard gas-fluid," with a 

motor-oar ^ -pi / i 

spirit, specific gravity of about '680, has for a long time been 

burned in the United States in street naphtha lamps. 
A similar spirit, to which the makers gave the name of 
*^ petrol," has been nianufactured for many years in this 
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country, and in common with " '680 spirit" or " 76° 
spirit" (its density being about 76° on the Baum^ 
scale) of American manufacture, is largely used as a 
source of power in the internal-combustion engines of 
automobile vehicles, and as a fuel in steam motor-cars 
of a certain type. "Deodorised naphtha," or ''benzo- "Bcnzo- 
line,"* which has a specific gravity of about '700, is also ^*"®-" 
used in motor-cars, as well as for detergent purposes 
(in the process known as "dry-cleaning"), and as a 
source of light in sponge-lamps (lamps containing an 
absorbent material). By careful fractionation, various 
descriptions of "petroleum ether," of which the follow- <» Petroleum 
ing are examples, are manufactured in this country ^^^^^" 
from deodorised benzoline (boiling-point, say, 130° to 
350° F.) :— (1) Specific gravity '630, boiling-point 82° 
to 142° F. ; ,(2) specific gravity '640, boiling-point 89° 
to 145° F. ; (3) specific gravity '667, boiling-point 128° 
to 198° F. (used for extracting resins, &c.) ; (4) specific 
gravity '689, boiling-point 130° to 212° F. (for ^'de- 
naturing " alcohol) ; (5) specific gravity '703, boiling- 
point 176° to 240° F. (for extracting gums, &c.) ; (6) 
specific gravity "725, boiling-point 212° to 270° F. (for 
extracting fats) ; (7) specific gravity 730, boiling-point 
220° to 290° F. (for extracting fats). The commercial 
pentane made in this country for use as a standard of pentane. 
light in photometric work has a specific gravity of 
about -625 ('623 to '626) and a boiling-point of 76° to 
128° F. The boiling-points given in the preceding 
two paragraphs are those obtained with a thermometer 
having its bulb immersed in the liquid, the higher 
temperature being that at which the volatilisation of 
the contents of the retort is completed. Finally, the 
naphtha yields, as the least volatile of the products, 

♦ The term "prime city naphtha" is sometimes applied in the 
United States to the crude naphtha or benzoline which has not been 
submitted to the deodorissing treatment, 
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*' benzine," of a specific gravity of about '730, which is 
largely employed in " dry cleaning " as well as in oil- 
cloth and varnish making. 

The "refined oil" obtained from American petro- 
leum is of several descriptions, but only two of these, 
the ordinary American lamp-oil of commerce, and what 
is known as " water- white," or *' high-test," oil, are im- 
ported into this country. The ordinary oil is usually 
of a pale straw colour, and has a specific gravity of 
about 796. Its flash-point is generally not much above 
the legal limit of 73° F. (Abel test). The higher grade 
of oil, of which the average crude petroleum yields 
only about 15 or 16 per cent., is colourless, or nearly 
so, and has a specific gravity of about '788. Its flash- 
point is over 100*" F. (Abel). There is also manu- 
factured to a small extent a burning oil having a 
specific gravity of '825 to '830 and a flash-point of about 
250° F. (Abel). Of this oil, which is known as mineral 
colza or mineral sperm or mineral seal oil^ about 10 
per cent, may be obtained from the crude petroleum. 

The " residuum " already referred to yields, on further 
distillation, " intermediate oil," or " gas-oil " (used as a 
source of gas for illuminating purposes), a series of 
lubricating oils of gradually increasing specific gravity, 
viscosity, and flash-point, vaseline, and solid parafiin 
or parafl5n-wax. 

The parallel products manufactured from Russian 
(Baku) crude petroleum are of somewhat different 
character. This description of petroleum yields, ac- 
cording to the district in which it is obtained, from 
2 to 10 per cent, of "benzine" (also termed light 
petroleum), from 27 to 40 per cent, of kerosene (burning 
oil), 4 per cent., or more, of the lighter description of 
"solar oil" for use in lamps, and from 50 to 60 down 
to 35 or 36 per cent, of "astatki" (residue). The 
benzine (sometimes divided into " light " and " heavy ") 
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has a higher specific gravity than the corresponding 
product obtained from American petroleum, but 
the boiling-point is not proportionately higher. The 
kerosene usually has a specific gravity of '825 and a "Ordinary" 
flash-point of about 85' F. (Abel). A small quantity *^^^^;;^*^^" 
of high-test kerosene, having a specific gravity of about kerosene. 
'823 and a flash-point of about 100° F. (Abel), is also Light solar 
made. The solar oil has a specific gravity of about '865 °*^ 
and a flash-point of about 250'' F. (Abel). A small 
proportion of the astatki is fiirther distilled, with the 
object of obtaining solar-oil distillate, specific gravity soiar oil 
about -875 and flash-point about 240° F., for use in d«ti"ate 

(GTas— oil) 

gas-making, and a series of lubricating oils (the crude and 

oil contains scarcely any paraffin), but by far the greater ^^^"cating 

part of it is employed as liquid fuel, for which there is 

so great a demand in Russia that the astatki is really Astatw the 

the principal product, the refiner now seeking to make P"^^"P^ 

as much of this and as little of the othqr products as 

possible, consistently with the separation of sufficient 

of the more volatile constituents of the crude oil to 

give the astatki the requisite flash-point. 

From the. Eastern Archipelago petroleum spirit Gas-oii and 
(benzine), gas-oil, and fuel-oil have already been Eastem^^™ 
brought in some quantity to this market. The gas-oil Archipelago, 
has a specific gravity of about '890 and a flash-point 
ranging from 120° to 150° F. (Abel), whilst the fuel-oil 
has a specific gravity of about "970 and a high flash- 
point. 

As a commencement has already been made by Roumanian 
Roumania in contributing supplies of petroleum products prodJlc^^* 
to the markets of the United Kingdom, it may be well 
to mention that the crude oil of that country resembles 
American rather than Russian (Baku) petroleum. 
The products which have already been imported are Kerosene 
kerosene, specific gravity about '810 and flash-point *"^ ^*®"°*^' 
74° F. (Abel), and gas-oil, specific gravity about '865 
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and flash-point ranging from 110° to 140° F. (Abel). 
A shipment of the crude oil has also been made to 
London. 

There is at present no prospect of liquid petroleum 

products being imported into the United Kingdom 

from countries other than those mentioned, so that 

no specific reference to the characteristic features of 

the oils of those countries is needed here. 

Scottish Allusion to the Scottish shale-oil trade has been 

^roducTs i^3.de in previous chapters. The oil-shales of Midlothian 

and Linlithgow yield, by destructive distillation at a 

bright-red heat, about 30 gallons to the ton of mineral 

oil (besides ammonia), and this oil furnishes on fractional 

distillation a series of products resembling those obtained 

Crude shale- from potroleum. The crude shale-oil has a specific 

gravity of '860 to '890, and frequently is solid at 

temperatures below 90° F. owing to the large amount 

"Gasoline" of paraffin which it contains. It yields from 3 to 6 

"na htha" P®^ ccnt. of "gasoUno" and "naphtha," about 30 

burning oils, per Cent, of burning oils (for use in lamps), about 

fubricating ^ P^^' ^^^^' ^^ gas-oil, about 20 per cent, of various 

oils and lubricating oils, and about 10 per cent, of paraffin. 

para n. rpj^^ bumiug oils havc a specific gravity of about '810 

and a flash-point of about 105° F. (Abel). 
Brown-coal In Saxouy similar products are obtained from lignite 
and peat ^^ brown-coal, but these are not imported into the 

products. , , ' ^ ^ , 

United Kingdom. Peat of good quality yields by 
destructive distillation from 3 to 6 per cent, of tar, from 
which burning oil, lubricating oil and paraffin can be 
obtained, but the attempts which have been made to 
carry out the process on a commercial scale have not 
been successful. 
Coal-tar and The coal-tar of gfis- works is a black, more or less 
coaMar viscid liquid, of characteristic odour, of specific gravity 
usually between ri and 12, and may be described as 
an extremely complex mixture of various hydrocarbons, 
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together with chemical compounds of carbon, hydrogen, 
oxygen, sulphur and nitrogen. It is employed in the 
crude state as a coating to protect or preserve wood, 
stone, brick-work and iron, and is largely used in the 
manufacture of roofing-felt. It is, however, chiefly of 
value as a source of benzol, anthracene, carbolic acid 
and other products. The tar niay by a preliminary 
distillation be separated into four fractions, the first Distillation, 
consisting of " crude benzol " and " naphtha," the second 
of "carbolic oil," the third of *'dead oil" (so called 
because it sinks in water), and the fourth of " anthra- 
cene oil," the residue constituting " pitch." The two 
earlier fractions are re-distilled, the first yielding 
" benzol " (benzene, toluene and xylenes), from which Benzol, 
after nitration and subsequent conversion into aniline, 
&c., artificial colouring matters are obtained, ** solvent solvent 
naphtha " employed in dissolving caoutchouc (india- ^ap^^^a- 
rubber) for the manufacture of water-proof materials, 
&c., and for "dry-cleaning," and "heavy solvent 
naphtha," also known as '^ burning naphtha," largely Burning 
used for making anti-fouling compositions for ships' naphtha, 
bottoms, and in admixture with petroleum spirit for 
burning in "flare-lamps" ; the second furnishing, upon 
further treatment, liquid and solid carbolic acid and carboUc 
naphthalene, both of which are employed in the arti- *^^^' 
ficial-colaur industry, the former also very largely for Naphtha- 
antiseptic purposes in surgery, as a disinfectant for ^^^' 
household purposes and for the manufacture of picric 
acid, whilst the latter in addition serves as an enricher 
of illuminating gas and as a substitute for camphor 
in preventing the ravages of insects in woollen goods 
and furs. The third original or main fraction, also 
called " creosote oil " or " heavy oil," which has a Creosote oil. 
greenish-yellow colour, due to fluorescence, but by 
transmitted light is dark-red, is chiefly used in the 
creosoting of timber. The fourth original fraction 
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Anthracene, yields anthracene, from which alizarine and other coal- 

Pitch. tar colours are produced. The pitch is employed in 

street-paving, as well as in the manufacture of paints or 

varnishes, patent fuel (briquettes), roofing paper, &c. 

Proportion The proportions of the various products depend to a 

o pro uc 8. QQjjgygj-able extent upon the quality of the tar and the 

method of treatment adopted, of which the foregoing is 

merely an illustrative outline. The first original 

fraction may, however, be considered to represent 2*2 

per cent, of the tar by weight, the second 10 '6, the 

third 7*6, the fourth 16-9, and the pitch 60*5 per 

cent. 

Production Mr. Lewis T. Wright estimated that the amount of 

of coal-tar. ^qqJ.^j. produced and consumed in the United Kingdom 

in 1885 was 105,625,000 gallons, of which about 7|per 

cent, was used for tarring, asphalting, &c., and about 

1 per cent, for retort-firing, so that 97,175,000 gallons 

went into the distiller's hands. 

Tar from Tars obtained from coke-ovens, gas-producers, and 

coke-ovens, blast-fumaccs (those in which the fuel used is coal), 

present, in some instances, essential differences from the 

tar of the gas-works, owing to the lower temperature 

at which they are obtained, and such tars are of less 

value. 

India-rubber The Petroleum Acts have been held to apply to 

and paints substances containing " petroleum," such as paints and 

containing vamishos and india-rubber solution, and accordingly 

petro eum. inspectors Under the Acts may have occasion to subject 

such substances to the test prescribed. Liquid " paint- 

Paint dryers, dryers " Bud turpeutine-substitutes may also be found 

*®* to come within the provisions of the Acts. 

ciassifica- In the following statement an attempt has been made 

petroUum, ^ classify the various products of petroleum, shale-oil, 

shale-oil and and coal-tar met with in commerce in this country, to 

products. indicate their salient characteristics with a view to their 

identification, and to give the various names under 
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which they are sold. It may here be remarked that, 
on the whole, the commercial nomenclature of the more 
volatile products is vague and somewhat confusing. 
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PETROLEUM PRODUCTS. 

f PsNTANB . Used 849 a standard of light in photometric work. 
Specific gravity '625. Boiling-point 76° to 
128° F. 

Gasoline . Distinguished aa '650 gasoline. Formerly also 
called "canadol" in the United States. Specific 
gravity usually "642 to '648. Boiling-point, say, 
90^^ to 200° F. 

FsTROLBUM At one time sold as " Sherwood oil " in the United 
Ether . States. For particulars of various descriptions 
of petroleum ether made in this country, see 
pp. 56 and 57. 

680 Spirit Also known as ** -680 or 76° (that being the density 
on the Baum6 scale) gasoline," *' motor spirit,'' or 
** motor-car spirit," •* petrol,"* *'motorine," 
"carburine," and (in the United States) "boule- 
vard gas fluid." Specific gravity *680 (hence the 
name). Boiling point, say, 120° to 250° F. 

Bbkzolikb Also termed ''ordinary spirit " or '' naphtha " when 
in the condition of the untreated distillate, and 
" deodorised spirit " when purified. Sometimes 
termed "city naphtha" in the United States. 
Also in that country known as " naphtha,'' and 
formerly as " Danforth's oil," when of a specific 
gravity of -690 to "700. Specific gravity -700. 
Boiling-point, say, 180° to 850° F. 

LiGBOlNE . A term which has been applied to a product of 
specific gravity about *715, and boiling-point 
194° to 248° F., as well as to one of lower 
specific gravity. 

Benzine . Specific gravity '780 to -750. Boiling-point, say, 
248° to 802° F. This liquid must be distinguished 
from the coal-tar product benzene (benzol).t 



* Petrol 18 also made for motor-car use of specific gravity *700. 
t A description of benzine (cleaning benzoline) of specific giuvity 
-708 is used for glove-cleaning, &c. 
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Note. — The foregoing products, as met with in this country, are 
made from American petroleum, either in the United States or here. 
The parallel products from Kussian petroleum are not imported, but 
as already mentioned benzine has been brought to the United 
Kingdom from the Eastern Archipelago. The whole of the 
products have flash-points far below the legal standard of 73° F., 
and most of them evolve vapour freely even at a temperature of zero 
Fahrenheit. They are therefore highly inflammable. Particulars 
of various industrial uses of petroleum spirit in this country will bo 
found in Appendix XV. 

Petroleum Also known as " refined petroleum," "petroleum " (in 
Oil. Russia), "kerosene," "crystal oil," "paraffin oil" 

( though this name is properlyapplied only to theshale- 
oil product). Also formerly termed " photogene." 
Two distinct classes of oils in this category are im- 
ported from the United States, and two from Russia. 
The general use of the names already given may 
be said to be confined to what may be termed the 
ordinary American product, which has a specific 
gravity of about '795 and a flash-point ranging 
from 78° F. (Abel) to a few degrees above, and 
the ordinary Russian product, the specific gravity 
of which is about '825 and the flash-point about 
85° F. (Abel). These oils are often sold under 
proprietary names or brands, such as " Tea Rose," 
" Royal Daylight "and " Bear Creek" ( American)and 
"Star and Crescent" and "Syringa" (Russian). The 
high-test American oilis known as " water- white oil " 
or by the brands of "White Rose" and "Snowflake." 
It has a specific gravity of about '788 and a flash- 
point above 100° F. (Abel). The high-test 
Russian oil, sold under the brand of "Testefas," has 
a specific gravity of about '823 and a flash-point of 
about 1 00° F. (Abel). An oil for use in lighthouses, 
kc.y is imported from the United States under the 
name of "mineral colza oil," or " mineral sperm oil" 
or "mineral seal oil." It has a specific gravity of 
•825 to -880, and a flash-point of 250° F. (Abel). A 
corresponding product for use in lamps has been 
imported from Russia under the names of " pyro- 
naphtha" and " solar oil." The specific gravity is 
about -865 and the flabh-point about 260° F 
(Abel). Very large quantities of solar>oil distillate 
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are shipped from Russia to the gas companies in 
this country for use in the manufacture of 
carburetted water-gafi. This distillate has. a 
specific gravity of about '875 and a flash-point of 
about 240° F. (Abel). The gas-oil imported from 
the United States has a specific gravity ranging 
from -850 to '860 and a flash-point usually above 
100° F. (Abel). Parajfflnum liquidtum is a 
colourless and inodorous oil, of specific gravity *880 
to *885, used for pharmaceutical purposes, and 
" mixing oil ^' is a less highly purified product, of 
similar specific gravity, which is mixed with other 
oils for certain purposes. 

LuBRiGATiNQ Of mineral oils for lubricating purposes, imported from 
Oil. the United States and Russia, an extensive series is 

met with in commerce under the names of "spindle 
oil," "engine oil," "summer dark oil," "winter 
dark oil" (the latter bearing exposure to a low 
temperature without losing its fluidity), "cylinder 
oil," " valve oil," &c. In addition there are other 
oils of lower specific gravity and viscosity sold under 
the names of "neutral oil," "cleaning oil," " batch- 
ing oil," <Im!. The oils in this category vary so widely 
that it would be difficult to specify their charac- 
teristics in any useful manner in this work. The 
flash-point is in all cases far above the legal 
limit. 

Solid Pro- These include, in addition to paraffin or paraffin wax, 
DUCTS. and paraffin Mcale (unrefined paraffin wax), mineral 

jelly, termed pharmaceutically paraffi/nvsn molle 
and petrolatum^ which is chiefly sold under the pro- 
prietary name of "vaseline," but is also known 
as "cosmoline," "saxoline," "geoline," "fossiline," 
" petrolina," &c. Ozokerite is not a manufactured 
product of petroleum, but is a natural mineral wax 
found in Galicia. The purified material closely 
resembles beeswax and is employed as a substitute 
for the latter. Ozokerite also yields by distillation 
a candle-making material similar to paraffin, but of 
higher melting-point. It is scarcely necessary to 
say that the flash-points of these products are 
very far above the legal standard. 



£ 
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SHALE OIL PRODUCTS. 

Shale Spirit. Gasoline of specific gravity -640 to -660, and naphthas 
of specific gravities -718 to -720, -735 to -740 and 
'750 are manufactured at some works. The 
flash-points of the various descriptions of shale 
spirit are below the legal standard. 

Shale Oil. . The oils for use in lamps, sold under the names of 
** paraffin oil," "burning oil," "crystal oil," "petro- 
line," (fee, usually have a specific gravity of about 
•810, and a flash-point of 105° F. (Abel) and up- 
wards. A special oil for use in lighthouses is also 
manufactured with a specific gravity of *814 and a 
flash-point of 145° F. (Abel). Another product, 
of still higher specific gravity (about -886) and 
flash-point, is termed " marine oil." The specific 
gravity of intermediate oil or gas-oil produced 
from shale ranges from '840 to '865 and the flash- 
point from 150* F. (Abel) upwards. 

Lubricating Lubricating oils of various specific gravities and 
Oil, Sic. viscosities, as well as soft and hard paraffin, are 

among the products obtained. 



COAL-TAR PRODUCTS. 

Naphtha. It is only necessary in this statement to mention 

the • various naphtha-products.* These include 
benzene (benzol), the hydrocarbon C^H^ which 
has a specific gravity of -884, a boiling-point 
of 177° F., and a flash-point below the tempera- 
ture of 82° F. at which it solidifles; toluene 
(0,Hg), specific gravity 871, boiling-point 232° F., 
flash-point about 45° F. ; solvent naphtha (often 
described as having a specific gravity not above 
'875 and as distilling between 248° and 320° F.), 
specific gravity often about *867, and flash-point 
about 66° F. ; heavy solvent naphtha or burning 
naphtha (sometimes described as having a specific 
gravity of '880 to 887), specific gravity often as high 

* The so-called " sharp oil," used in lamps of the " lucigen " type, 
has a specific gravity of about 1'060, and a flash-point of about 
160° F. 
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as -905, and flash-point about 116° F.*; 90 per cent, 
benzol (of which 90 per cent, by volume distils below 
212' F.), specific gravity— ^English -880 to -882, 
Scotch about 870, flash-point below 15** F. ; 
50 per cent, benzol (of which 50 per cent, distils 
below 212° F.), specific gravity—English -878 
to -880, Scotch -867 to -872, flash-point below 
15° F. 

N'ote. — '* Benzine Colliis" is a name under which a description 
of mineral spirit, doubtless obtained originally from coal-tar, has 
been sold for detergent purposes for many years. (The label used 
includes the copy of a testimonial from the Master of the Royal 
Apartments, dated Buckingham Palace, October 30, 1858.) 

In order to show the relative extent to which various descriptions 
of petroleum products occur in commerce in this country, statistics 
of imports are given in Appendix I. 

The employment of petroleum products as liquid Various 
fuel, as a substitute for coal in the manufacture of gas ^"jroJ^Jum 
for illuminating and heating purposes, as a source of products 
power in internal-combustion engines, and as lubricants, **^^'®*®*'*^- 
is rapidly increasing as the attendant advantages 
become recognised, and adequate supplies are rendered 
available. An impetus has also recently been given to 
the use of kerosene as an illuminating agent, for it has 
been demonstrated that when burned in a specially 
constructed mantle- lamp in the form of vapour, under 
pressure, a brilliant light, well adapted for streets and 
large buildings, can be obtained from this oil at a less 
cost than by the use of any other illuminating agent, 
and as each lamp is self-contained the installation of the 
system can be effected without any opening of the ground 
such as is necessary in laying a service of gas-mains. 
There is, therefore, reason to anticipate further vigorous 
growth of this already highly important industry. 

* Two descriptions of solvent naphtha are specially prepared 
which have flash-points a little above 73° and 100** F. respectively. 
These products have specific gravities ranging from '890 to '9 15, accord- 
ing to the character of th*e tar from which they are manufactured. 
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CHAPTER V. 

FLASH-POINT" AND "FIRE-TEST." 



Explanation The Petroleum Acts are made to apply to such petro- 



of flash 
point, 



leum as, when tested in the manner prescribed, " gives 
oflP an inflammable vapour " at a temperature of less 
than 73° F. This wording is unfortunate, inasmuch as 
it has given rise to a great deal of misconception as to 
the real meaning of the term *' flash-point," and as to 
its relation to the safety of an oil in storage and use. 

In the succeeding chapter, the various methods of 
testing petroleum for the determination of its flash- 
point are described in detail. It is, therefore, only 
necessary here to enunciate the broad principle on 
which all such tests are carried out. A sample of the 
oil to be tested is placed in a vessel, and is gradually 
heated up until, on application of a light, a blue flame 
or flash is seen in the space above the surface of the 
liquid. The temperature of the oil at this point is 
noted, and this temperature is now comnaonly called 
the "flash-point" of the oil. The Act of 1879 and 
all previous ones, however, call this the temperature at 
which the petroleum " gives oflP inflammable vapour." 
This has led many persons to suppose that at this 
temperature the oil undergoes some physical change, 
and suddenly commences to evolve vapour. As a 
matter of fact, like all other liquids, petroleum gives 
oflP vapour at all temperatures, and would continue to 
do so even if cooled down to zero Fahrenheit. What 
the Act really means is the temperature at which the 
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oil gives off, or has given off, suflficient vapour to form 
an inflammable mixture with the air, and this is a 
matter entirely dependent on the conditions under 
which the test is carried out. By varying these con- 
ditions very wide differences may be made in the 
flash-point obtaiued with one and the same sample of 
oil. Consequently, to speak of the flash-point without 
naming the method by which it is to be determined is 
as meaningless as to name a degree of temperature 
without stating whether the Fahrenheit or Centigrade 
thermometer scale is intended. This fact appears to 
have been unknown to the framers of the Petroleum 
Act, 1862, in which a flash-point is specified, but no 
method of determining it is prescribed. 

In the subsequent Acts of 1868 and 1871 a test 
apparatus is laid down, bat it was not until 1879 that 
the Legislature adopted a method, known as the Abel 
test,* in which the conditions are so far under control 
that anything like uniformity can be obtained in the 
hands of different experimenters. Further experience 
has, however, shown that still greater uniformity can 
be obtained by improvements in this instrument and 
in the method of its employment. 

The minimum proportion of vapour to air necessary Proportion 
to produce an inflammable mixture is about 1*8 P®^ ne^ssar^ tto 
eent. An' increase to % per cent, of vapour renders form 
the mixture- explosive,- while when the proportion ^^^^iT^tfi 
eixceeds about. 4 per cenit.^ the liability to explosion the air. 
begins to- disappear,, but the- mixture continue to be 
inflamtnablb.. 

Kow, not only does the temperature a* which an oii 
gives off sufficient vapour to produce such proportions 
depend on many conditions, but the percentages them»- 
selves :ive also liable to variations. It wUl be sufficient 
to discuss only the more important causes which are^ 
* See Appendix IT.- 
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known to produce such variations, but there are doubtless 
many other conditions which have a more or less direct 
influence both on the temperature and the percentage 
of vapour. One of the most important conditions 
Conditions afiecting the temperature at which an inflammable 
flash-"ofnt. "^^^'^^^^ ^^ vapour and air may be produced, is the 
time during which the oil has been submitted to that 
temperature. As has already been pointed out, no 
ordinary sample of petroleum is homogeneous, and it is 
the vapour of its lighter and more volatile constituents 
which is first given off: If the proportion of light con- 
stituents is small, their vapour will be given off* slowly, 
and it may take a very long time before a sufficient 
amount has been evolved to render a given volume of 
air inflammable. Consequently, in a closed vessel, if 
sufficient time is allowed, the vapour may continue to 
accumulate until an explosive atmosphere is formed, 
even though the oil may never have reached a tempera- 
ture as high aa that of its flash-point determined by 
a test where the time is limited. On the other hand, 
if the oil is contained in a vessel which is not com- 
. pletely closed, the effect of time may be just the reverse 
of that described. Thus, if the test is cairied out in 
an open or partially open vessel, and if the rate of 
heating is made very slow, much of the vapour given 
oflP in the earlier stages of heating will diffuse into the 
outer air. In this way the proportion of lighter spirit 
will be diminished, and the flash-point determined by 
such a test will be higher than if the rate of heating 
had been more rapid. 

It is hardly necessary to state that the flash-point is 
very largely affected by the amount of ventilation 
which is afforded to the sample in the testing apparatus. 
The very wide difference between the results obtained 
with the test prescribed in the Act of 1871 and those 
of the Abel test, are principally due to the fact that in 
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the former apparatus the vapour at first given oflP 
escapes by diffusion, and is moreover liable to be carried 
away by currents of air ; therefore it is not until the 
temperature and consequent rate of evolution of vapour 
are raised sufficiently to counteract this effect that a 
flash is obtained. 

The size of the oil vessel also affects the result. 
Mr. Steuart stated before the Select Committee of 
1896, that, by increasing the diameter of the oil vessel 
in the testing apparatus to 9 inches, he obtained with 
the same sample of oil a flash-point lower by 2"* F. than 
that given by the Abel test. 

The pressure of the atmosphere is another important 
factor affecting the results. Careful experiments have 
shown that the flash-point is lowered by I'S*" F. for every 
inch reduction in barometric pressure. A table of 
corrections for height of barometer will be found in 
Appendix VIII., but it must be remembered that the 
use of this table for correcting the results of official 
tests has not yet received the sanction of Parliament. 

It is true that in this country, where no places of 
importance are at any considerable elevation above the 
sea, the variation of barometric pressure does not 
usually exceed 2 or 3 inches ; but it is conceivable that 
even in the United Kingdom, circumstances may arise 
in actual practice which will cause a considerable re- 
duction in atmospheric pressure. For instance, if oil 
were drawn from a large tank which is hermetically 
closed, a partial vacuum would be formed above the 
surface of the liquid ; and in such a case an explosive 
mixture of air and. vapour may be formed even 
when the oil is at a temperature far below its legal 
flash-point. 

The amount of vapour produced may also be increased 
by agitation of the oil. Mr. Beilby has shown that by 
the violent shaking up of samples of oil with air in a 
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affecting 
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vapour 

mixtures. 



closed vessel, an inflammable atmosphere was formed 
when the oil was at a temperature 5"" or 6"" F, below its 
flash-point (Abel). 

If portions of the containing vessel are at a higher 
temperature than the oil itself, this may have a con- 
siderable effect on the pate of evolution of vapour. The 
liquid will creep over the surface of the heated parts by- 
capillary attraction, and will then give off* vapour at a 
greater rate than the bulk of the oil. The vapour so 
given oflP will no doubt have some tendency to condense 
on the cooler surface of the oil ; but owing to the 
liature of petroleum vapour, such condensation will 
take place only to a very limited extent. The effect 
may be therefore to produce a larger amount of vapour 
than might be expected from the temperature of the 
oil. Thus in a badly-designed testing apparatus, if 
parts of the oil cup are brought to a higher temperature 
than the oil itself, low flash-points may be obtained ; 
but such an apparatus would not be likely to yield 
uniform results. This condition has a more important 
bearing in the case of lamps, where the metal-work of 
the burner in contact with the oily wick may be at a 
very high temperature. Again, in a tank exposed to 
the direct rays of the sun the sides may be raised to a 
high temperature, whilst the bulk of the oil remains 
comparatively cool. 

It is not improbable that electrification of the oil, 
such as may occur from friction in pipes or even in a 
lamp burning in the neighbourhood of electrified bodies 
in a dry room, may have a considerable influence on 
the amount of vapour emitted. 

The above are some of the conditions affecting the 
production of vapour ; but the question whether the 
amount of vapour produced is sufficient to form an 
inflanmiable or explosive atmosphere depends on yet 
other conditions. The most important of these is the 
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nature of the means of ignition. This afiects the results 
given by any particular fonn of testing apparatus, and 
it is necessary therefore to specify the means of ignition 
somewhat minutely in order to obtain uniform results. 
In general it may be said that the larger and hotter the 
Hame, the smaller will be the proportion of vapour 
necessary to produce an inflammable or explosive 
mixture. This proportion will also depend to a less 
extent on the volume of the mixture which is present. 

In order to show that variations in one or more of the 
above conditions may produce results differing widely 
from those given by the Abel apparatus, it is only 
necessary to state that Professor Dewar (1896 : Q. 7057) 
produced an explosion of vapour with an oil having a 
flash-point of 106° F. (Abel), when the temperature of 
the sample was only 86'' F. Again, an accident occurred 
on May 31, 1895, at Harburg near Hamburg, where a 
tank containing oil of a flash-point of 107'' F. (Abel) 
was struck by lightning and exploded, notwithstanding 
the fact that the temperature of the air, and presum- 
ably that of the oil, was only 82° F. at the time (1896 : 
Q. 1894). 

From the above considerations it will be seen that it Conclusions, 
is not safe to dmw conclusions from the results given 
in a testing apparatus as to the liability of a particular 
oil to produce an explosive atmosphere under the 
ordinary conditions of storage and use. Nor would it 
be possible to devise a test which would take into 
account all the conditions which may arise in practice, 
or in other words, which would show the lowest tem- 
perature at which any particular oil will produce an 
inflammable atmosphere under all possible circum- 
stances. This being the case, the questions naturally 
arise as to what is the use of a test at all, and on what 
principle should the legal flash-point be fixed. The 
answer to the first of these questions is that petroleum 
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of almost every degree of volatility, from solid paraffin 
to gasoline or even pentane, has its uses and is sold in 
this country. The lighter varieties evolve vapour so 
rapidly as to necessitate certain special precautions, 
while the petroleum oils, being less volatile, may be 
handled with comparative safety. Consequently it is 
necessary in the interests of public safety to draw a 
dividing line to separate these two varieties. Since the 
degree of danger increases uniformly with each degree 
as the flash-point becomes lower, there is no definite 
point at which the line can be drawn. Any such line 
must therefore necessarily be an arbitrary one, and it 
must not be supposed that there is a marked differ- 
ence of danger between an oil flashing at a degree 
above the fixed standard and one which flashes 
slightly below. 

Where, then, should this arbitrary line be fixed, and 
on what principle? If petroleum were now for the 
first time being introduced as a popular illuminant, and 
if we had no previous experience of its behaviour under 
various conditions, this question would be a very difficult 
one to answer. 

According to present knowledge, it is useless to base 
the figure of the flash-point on the maximum tempera- 
ture of the air in this climate, or of the oil in any 
particular lamp, because the conditions of the test are 
not the same as those which arise in actual practice. 
When petroleum was first introduced into this country 
this fact was not known ; and Dr. Letheby, who 
advised the Home Office when the Bill of 1862 was 
being prepared, appears to have been under the im- 
pression that there is some one definite temperature at 
which each particular sample of oil commences to 
"give ofl* inflammable vapour." He is said to have 
stated that, according to his observation and experiment, 
there was no ordinary place of storage or lamp which 
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could reach a temperature of 100'' F., and he therefore 
recommended that the flash-point should be fixed at 
that figure. As no method of testing was prescribed, 
this can hardly be said to have been the fixing of a 
standard ; but from the figure arrived at in 1862 on an 
erroneous assumption a standard has arisen, which has 
at any rate served the country's needs, and remained 
unchanged until the present day. 

As a matter of fact, it is upon experience alone 
that a standard of flash-point should be judged, and 
no alteration should be made in such standard on 
merely theoretical grounds. The real question is 
whether oil of a given flash-point has shown itself 
to be so dangerous by reason of its volatility as to 
require the standard to be raised, and if so, whether 
the advantage in point of safety outweighs any dis- 
advantage which may be involved. 

As recent proposals for raising the standard have 
been bajsed mainly on the occurrence of lamp accidents, 
the further discussion of this question has been dealt 
with in the chapter on Petroleum Lamps. 

Another method of testing petroleum consists in "Fire-test, 
determining, by means of a suitable instrument, the 
temperature at which the oil takes fire and continues 
to burn when a light is applied to the surface. This 
method has never been adopted in this country except 
in the case of lubricating oils, but is still in use in 
several of the States of America. The temperature so 
determined is called the "fire-test" of the oil. The 
results obtained, as in the case of the flash-point, are 
liable to variations according to the means employed 
in carrying out the test. So far no form of fire-test 
has been devised which gives nearly as uniform results 
as the Abel flash-test. For this reason it is not possible 
to give an accurate comparison between the two methods 
of testing. The difference usually lies between ST"" and 
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47"* F. ; that is to say, an oil which flashes at 73** F. in 
the Abel apparatus will take fire at from llO** to 120° F. 
in the Tagliabue cup, this latter being generally used 
in America for determining the fire-test. 
EflFect of In applying the fire-test, if the oil is allowed to become 

heating. heated locally by the igniting flame, it may be made 
to take fire at a considerably lower temperature than 
would otherwise be the case ; and wide differences ia 
the observed temperature of ignition of a particular 
oil may thus occur in hands of diflferent experimenters* 
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CHAPTER VI. 

TESTING.— FLASH-POINT, FIRE-TEST, ETC. 

Kerosene. — The flash-point, or, in some cases, the 
fire-test, of kerosene forms the basis of legislation on 
petroleum in most civilised countries, and its accurate 
determination is equally important to the public and 
the trade. The customary limitation of specific gravity 
prevents the introduction of an undue proportion of the 
heavier hydrocarbons, which would injuriously afiect 
the burning quality of the oil, but aflfords no security 
against the presence of very volatile hydrocarbons, 
which would render the oil unsafe for ordinary use. 

In the early days of the petroleum industry it was Primitive 
the custom to test kerosene by pouring it upon the "™®|?*'** ^^ 
surface of warm water in a saucer, or by heating it in 
a cup placed in warm water, and bringing a lighted 
taper near the surface, but this primitive method was , 
soon superseded by the use of instruments constructed 
for the purpose. Most of these instruments may be 
described as belonging either to the "open-test" class "Open-test" 
or to the "close- test" class. In the former division *"^"^^^®®' 

" . . test. 

the vessel holding the sample of oil is uncovered, 
whilst in the latter it is covered during the progress 
of the test. 

One of the earliest forms of open- test instruments TagUabue's 
is that of Tagliabue, shown in Fig. 1. It consists of ^^pJ^^J^^*^^ 
a glass cup placed in a copper water-bath heated by 
a spirit-lamp. The cup is filled with the oil to be 
tested, a thermometer placed in it, and heat applied, 
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the temperatures being noted at which on passing a 
lighted splinter of wood over the surface of the oil a 
flash occurs, and, after further heating, the oil ignites. 
The former is the flash-point and the 
latter the fire-test. 

Squires open-test apparatus was 
designed with a view to the ready 
adjustment of the test flame to the re- 
quired height above the surface of the 
oil. The oil cup was heated in a water- 
bath as usual, but the test-flame was 
furnished by a wick slightly protruding 
from a long tube extending from the 
side of a cylindrical reservoir charged 
with spirit. The reservoir was carried 
by an arm, which swung on a vertical 
rod attached to a heavy base, separate 
from the water-bath, and the height 
of it could be adjusted by means of a 
screw, so that the flame could, by 
swinging the lamp, be caused to pass 
over the oil at any desired distance from the surface. 

The inventor's directions were : For 110° oil the cup 
should be filled to within one-eighth of an inch from 
the top, the bulb of the thermometer extended into 
the oil up to the first cut line, and the height of the 
test -flame fixed at three sixteenths of an inch above 
the edge of the cup, or five-sixteenths of an inch above 
the surface of the oil. The apparatus should stand 
quite level, and the test-flame should be trimmed down 
to about the size of a dried pea. The heat of the lamp 
should be so regulated as to raise the temperature of 
the oil S"* in the first four minutes, and afterwards 10"* 
every three minutes until 90° is reached, at which 
point the lamp is withdrawn for three minutes to nllow 
the temperature to become stationary (at 96° to 98°), 




Fig. 1. 
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open-test 
apparatus. 



when the test-flame is swung, beginning at 2 inches 
from the cup and terminating at the same distance on 
the other side, the movement occupying about half a- 
second. If no flash occurs, the test-flame is again 
swung after a lapse of ten seconds, repeating the 
operation every two or three degrees until the burning- 
point is reached. The lamp should be removed before 
a test is made, until the temperature becomes sta- 
tionary. For 120° oil, the lamp should be allowed to 
remain until the thermometer indicates 100°, the tests 
being then applied in the manner described, only at 
every four or five degrees. 

An open -cup tester similar to that of Tagliabue, but Amaboidi's 
of somewhat larger 
size, and provided with 
a mechanical arrange- 
ment for passing the 
test-flame over the oil, 
was introduced by 
Arnaboldi. 

Inl879theSaybo]t 
electric tester (Fig. 2) 
was adopted by the 
New York Produce 
Exchange, In this 
apparatus the oil is 

contained in an open cup, and ignition is effected 
by a spark from an induction coil, passing between 
platinum points placed at a fixed distance above the 
oil. The official directions for the use of the apparatus 
are as follow : 

" Fill the metal bath with water, leaving room for Directions 
displacement by the glass cup. Heat the water until 
the bath thermometer indicates 100° F., at which point 
remove the lamp. Fill the glass cup with oil to top 
line, indicated by the rim surrounding cup, which is 



Saybolt's 

electric 

tester. 
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one-eighth of an inch below top edge of the cup. See 
that there is no oil on the outside of the cup, nor upon 
the upper level edge, using paper to clean cup in pre- 
ference to cotton or woollen material. See that the 
surface of the oil is free from air bubbles before first 
flash is produced. Lift the cup steadily with left hand 
and place in the bath. Suspend the thermometer with 
the bulb of same immersed just from view under the 
surface of oil. Adjust the flashing bar and immerse 
the battery zincs in fluid. Try for first flash every 
degree until the same is obtained. Attain flash by 
producing spark with one stroke of the key. The 
stroke on the key should be such as in telegraphy is 
used to produce what is called a dot, that is, a short, 
quick stroke. The first flash produced from 110" test 
oil is generally obtained when the temperature of the 
oil has arrived at 90°. The temperature of the bath 
at 100° (as per note above) will carry the oil to about 
90°, or, in other words, to about the first flashing point, 
without the aid of a lamp. When the thermometer in 
the oil indicates 90°, introduce lamp under the bath, 
and do not remove until the operation is finished. The 
temperature of oil when placed in bath should not be 
lower than 55°, nor higher than 70° F. The flashing 
bar must be free from oil before adjusting for test. 
Draughts of air must be excluded from the apartment 
wherein tests are made. Oil of 110° and upwards 
shall (after first flash) be flashed at 95, 100, 104, 108, 
110, 112, 115. Oil of 120° and upwards, after first 
flash, 100, 105, 110, 115, 118, 120, 122, 125. Oil of 
130° and upwards, every 5° after first flash, until burn- 
ing-point." 
1868 English The first apparatus employed in this country in con- 
a^paratus i^^^ion with the legal definition of petroleum was that 
described in the schedule of the Petroleum Act, 1868. 
It consists of a slightly conical oil-cup of thin sheet-iron, 
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two inches deep and two inches wide at the opening, 
provided with a flat rim, and a raised edge a quarter 
of an inch high.* Across the cup and fixed to or rest- Apparatus 
ing on the edge is a wire, which is thus a quarter of an ^l*'^^^ 
inch above the flat rim. The oil-cup is supported by chemists." 
the rim in a tin water-bath, four and a half inches 
deep and four and a half inches in diameter. The 
outer vessel having been filled with ** cold or nearly Directions 
cold water," as much of the oil to be tested is poured ^^^ "**• 
into the cup as will fill it without flowing over the flat 
rim, and a thermometer with a round bulb, about half 
an inch in diameter, and so graduated that every 
10^ F, occupies not less than half an inch on the scale, 
is then suspended in the oil so that the bulb is im- 
mersed about an inch and a half beneath the surface. 
A screen of pasteboard or wood of specified dimensionst 
having been placed round the apparatus, a "small" 
flame is applied to the bottom of the water bath, and 
when the temperature of the oil has reached 90"* F., a 
" very small " flame is passed across the surface of the 
oil on a level with the wire, this application of the test- 
flame being repeated for every rise of " two or three " 
degrees in temperature, until a "pale-blue flicker or 
flash" is produced. The temperature at which this 
occurs having been noted, the experiment is repeated 
with a fresh sample of the oil, withdrawing the source 
of heat when the temperature approaches that noted 
in the first experiment, and applying the test-flame at 

* It was originally intended by the three chemists. Sir Frederick 
Abel (then Mr. Abel), Professor Attfield, and Dr. Letheby, who 
had reported on the subject, that an oil-cup three inches in depth 
and an inch and a half in diameter, to be only about half-filled with 
the oil, should be employed, without any screen, but these conditions 
were modified, as explained in chap. vii. 

t-The schedule provides that the screen is to surround the 
apparatus about two-thirds, and is to reach " several inches above 
the level of the vessels." 
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every rise of two degrees. In the use of this apparatus, 
it was found that oils of 120'' F. fire- test, as determined 
in the United. States before shipment, usually had a 
flash-point several degrees above the legal limit of 
100' F. 

It was soon discovered that the directions for testing 
given in the English Petroleum Act of 1868 were not 
sufliciently precise, and that the words " small flame " 
and " very small flame " were differently interpreted 
by various operators. As the result dealers were fre- 
quently proceeded against, and sometimes convicted, 
for selling kerosene flashing below the legal limit, 
although the oil had been passed by independent 
experts. Moreover, it was found that the open-cup 
tests were very untrustworthy, especially when made 
by comparatively unskilled and inexperienced persons. 

The substitution of a closed or covered oil-cup 
(Fig. 3) for the open cup was accordingly proposed 
by Mr. Keates, consulting chemist 
of theMetropolitan Board of Works. 
In 1871 a bill to legalise this change 
and to otherwise amend the exist- 
ing law was introduced, but it was 
opposed by the petroleum trade on 
the ground that the flash-point of 
85** F. advocated by Mr. Keates 
was much higher than the equiva- 
lent of the standard of 100** F. in 
use with the open cup. 

In 1875 the Government, with 
the concurrence of the Metropolitan 
Board of Works and of the Petro- 
leum Association, requested Sir 
Frederick Abel to experimentally 
investigate the matter with a view to placuig it on a 
satisfactory basis. The questions referred were as follow : 
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Terms of 
" 1. Whether the method of testing petroleum as prescribed in reference, 
schedule 1 of the Petroleum Act, 1871 (84 & 35 Vict., 
c. 105), is such as uniforidly to ensure reliable and 
satisfactory results. 
*' 2. If not, what alterations in the method of testing petroleum 
should be adopted to secure such results, due regard being 
had to the fact that the testing must, in many instances, 
be carried out by persons who have had comparatively 
Uttle experience in conducting delicate experiments. 
" 3. Assuming it to be, in your opinion, desirable to obtain a 
' flashing- test ' for petroleum, whether the present 'flash- 
ing-point' of 100° F. (or its equivalent under any modified 
method of testing which you may propose) is, in your 
judgment, calculated to afford adequate protection to the 
public, without unduly interfering with or restricting the 
trade; if not, what alteration in this respect should be 

made." Results of 

inquiry. 

After a prolonged and exhaustive experimental inquiry, 
in which Dr. Kellner rendered valuable assistance, Sir 
Frederick Abel presented to the Secretary of State an 
elaborate report, dated August 12, 1876, wherein the 
questions enumerated were thus answered : 

'' 1. The method of testing petroleum as prescribed in schedule 1 
of the Petroleum Act, 1871 (34 & 36 Vict., c. 105), is not 
of a nature ' uniformly to ensure reliable and satisfactory 
results.' 

<<2. A method of testing petroleum has been elaborated for 
adoption in place of that prescribed by the Petroleum Act, 
1871, due regard having been had to the fact Hhat the 
testing must, in many instances, be carried out by persons 
who have had comparatively little experience in conducting 
delicate experiments.' This method, while resembh'ng in 
its general nature the one hitherto used, is free from the 
defects inherent in the lattei*, and is so arranged that it 
can be carried out, with the certainty of furnishing 
uniform and precise results, by persons possessing no 
special knowledge or skill in manipulation. With ordinary 
attention in the first instance to simple instructions, 
different operators cannot fail to obtain concordant results 
with it, and it is so nearly automatic in its nature that it 
is not, like the present method of testing, susceptible of 
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manipulation so as to furnish different results at the will 
of the operator. 

'' 8. There are not, in my judgment, any well-established groi.nds 
for considering that the present flashing-point of 100° F. 
is not 'calculated to afford adequate protection to the 
public' 

" 4. With the employment of the new test, a minimum flashing- 
point should therefore be adopted, which is equivalent, or 
as nearly as possible so, to the flashing-point of 100° F., as 
furnished by the present test." 

In the determination of the equivalent flash-point 
it was obviously necessary to deal with the conflicting 
views already referred to as to the proper mode of 
conducting the test with the open-cup instrument. 
One of the authors assisted Sir Frederick Abel in 
the conduct of this portion of the inquiry ; but before 
the test-standard was even provisionally fixed, Mr. 
T. W. Keates, as representing the Metropolitan Board 
of Works, and Mr. John Calderwood, on behalf of the 
Scottish Mineral Oil Association, were also consulted. 
Eventually, as the result of the joint experiments, 
it was ascertained that the difference between the 
flash-points obtained with the open-cup instrument 
and those furnished by the Abel apparatus usually 
ranged from 25° to 29'' F. Adopting the mean difler- 
ence of 27"*, the new standard was accordingly fixed at 
73° F. One of the authors then applied the two tests 
to 1000 samples of American kerosene, the first 968 
samples consisting of the ordinary oil of commerce, and 
the remaining 32 of " water-white " oil. The following 
were the results obtained : 

92 samples showed a difference between the two tests of 25°. 
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On the other hand, the majority of the last 32 
samples gave smaller differences as follow : 

9 samples showed a dififereDce between the two tests of 20°. 



1 sample 
9 samples 
1 sample 
4 samples 
8 „ 

32 



21°. 
22°. 
23°. 
24°. 
25°. 



These, however, all consisted, not of ordinary petro- 
leum oil, but of the special kind which is known in the 
trade under the name of " water- white " oil ; therefore 
the exceptional results afforded by them do not affect 
the question, and are of interest only as showing that 
samples may be selected or specially prepared having 
flash-points by the two systems more closely ap- 
proximating than those of the ordinary petroleum oil 
of commerce. This water-white oil, as is well under- 
stood, possesses the distinctive feature of low specific 
gravity in addition to that of high flash-point, being 
in fact produced at a considerably enhanced cost by 
rejecting, in the process of distilling the crude oil, an 
unusually large proportion of the heavier as well as of 
the lighter hydrocarbons, and doubtless this accounts 
for the smaller difference between the two tests. 

Before the new test was legalised, one of the authors introduction 
proceeded (in 1877) to New York for the purpose of ^^^^^^^^^ 
submitting the instrument to the inspectors appointed 
by the New York Produce Exchange, and arranging 
for its use in testing kerosene intended for shipment to 
this country. 

The Abel test, as it is now commonly termed, was Legalisation 
legalised by the Petroleum Act, 1879. The construc- 
tion and use of the apparatus are fully described in 
Appendices 11. and VII. By an oversight the length 
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of the lead-line or pendulum was omitted from the 
schedule of the Act. This should be 24 inches from the 
point of suspension to the centre of gravity of the 
weight. The following explanatory note on the use of 
the pendulum appeared in the Petroleum Bill, 1883 : 
''Note. — For example: The pendulum having been 
moved from the perpendicular to posi- 
tion a (Fig. 4), 

The first oscillation is from a to 6. 
„ second „ „ & to a. 
„ third „ „ a to 6. 

„ fourth ,, „ 6 to a. 

The opening of the slide commences 
the moment the pendulum leaves posi- 
tion a in the first oscillation, and is steadily continued 
while it performs the first, second and third oscillations ; 
so that the slide is fully open when, in the third 
oscillation, the pendulum has reached position 6. The 
slide is kept open for an instant and then quickly shut, 
the moment of its being quite closed again being 
coincident with the return of the pendulum to position 
a at the end of the fourth oscillation." 

Those who have occasion to make a large number of 
tests will find it convenient to use a clock with a 
pendulum of the requisite length or a synchronised 
" metronome " such as is used in teaching music. 

In the use of the Abel test it should be recognised 
that at each application of the test-flame a sample, so 
to say, of the atmosphere of the upper part of the oil- 
cup is withdrawn by the action of the current of air 
produced. This current passes downwards through the 
two smaller openings in the cover of the cup and up- 
wards through the central orifice, under the influence 
of the heat of the test-flame, sweeping out a portion of 
the vapour which has been given off*. It will, therefore, 
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often be found that an 'oil the flash-point of which 
is, say, 75"* F. will flash on the first application of the 
test-flame if such application be made only two or three 
degrees below the true flash-point instead of at about 
66'' F. As, however, the result thus obtained depends 
to a considerable extent upon the temperature of the 
cup itself and of the mercury in the bulb of the 
thermometer, it would be very difficult, if not practi- 
cally impossible, to obtain uniformity in tests made on 
this principle, and the fact that some portion of the 
vapour given off* by the sample is eliminated before the 
flash-point is reached is of no consequence, as the test importance 
is otherwise an arbitrary one. With some oils of a of beginning 
nash-pomt barely 73° F. it is desirable, m order to sufficiently 
ensure obtaining a result which subsequent tests would ^^^ 

n 1 • 1 !• • A 1 n temperature. 

connrm, to begin the application of the test-flame two 
or three degrees below. 66° F. (a safe rule being to 
commence 8 or even 10 degrees below the flash-point); 
but obviously if a given sample has a flash-point below 
73'' F. when tested in the manner prescribed by law, the 
oil represented by this sample must be regarded as 
petroleum to which the Acts apply even though the 
flash-point may not be below 73° when the testing is 
commenced at a lower temperature than "about 
66° F." 

In 1881, Engler and Haas made a number of experi- Use of a 
ments with the Abel and other instruments, and came ®*f ''®'' *" *^® 

' oil-cup. 

to the conclusion that the provision of a stirrer in the 
oil-cup was desirable. Victor Meyer had previously 
expressed the same opinion. In the Abel apparatus a 
stratum of vapour is formed upon the surface of the 
oil, and the temperature of the oil is not uniform 
throughout. It is, therefore, necessary that the 
dimensions of the air-space above the oil, the depth to 
which the test-flame is inserted, the size of the orifices 
in the cover, the position of the thermometer-bulb, and 
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other particulars should be defined with greater 
accuracy than would probably be necessary if a stirrer 
were added ; but experience has shown that the Abel 
instrument can be readily standardised, and any 
number of instruments can thus be constructed to give 
concordant results if used with a reasonable amount of 
care. The addition of a stirrer, both for the vapour 
and for the oil, is no doubt desirable when- the Abel 
instrument in its original or modified form is applied to 
the testing of oils of high flash-point, such as lubricating 
oils, but Dr. Engler and Dr. Bunte have expressed to 
one of the authors their concurrence in his view that it 
is not requisite when the instrument is employed in 
testing kerosene. 
Suggestions If a number of tests are to be made with a single 
of the^Aber i^LStrument, it will be found desirable, especially in 
test. warm weather, to cool the oil-cup and thermometer- 

bulb after each test, by plunging them into cold water 
and afterwards wiping them dry. It is perhaps scarcely 
necessary to say that a confirmatory test, such as it is 
often desirable to make, must of course be carried out 
Necessary with a fresh portion of the oil. It may not be 
precautions, altogether superfluous to point out that the mercurial 
column in the oil-cup thermometer should be carefully 
examined from time to time in order to ascertain that 
it is unbroken. Cases have occurred in which, owing 
to the accidental detachment of a small portion of the 
mercury, a flash-point far below the true one has been 
recorded. The oil-cup may with advantage be placed 
for filling upon a sheet of plate-glass, resting upon a 
tripod levelling stand, previously adjusted with the aid 
of a spirit-level. This stand should be in a good light, 
as the accurate filling of the cup to the point of the 
gauge is important. The oil should be poured in 
without splashing, and any bubbles which may be 
formed should be dispersed with a pointed strip of paper. 
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As the testing should be conducted in a subdued 
light, the reading of the thermometer will be found to 
be greatly facilitated by placing behind the apparatus 
at the requisite height a burning night-light or candle 
so that the light illuminates the translucent ivory scale 
of the thermometer. To shut off the light which would 
otherwise pass to the eyes of the observer a piece of 
paper, three or four inches square, having two slits 
made in it should be slipped over the thermometer- 
stem, the portion overlying the ivory being sufficiently 
cut away. 

The observer should take care that when he reads 
the thermometer the line of vision is at a right angle 
with the scale- 

The Petroleum Act, 1879, gives no specific directions Testing 
applicable to the testing of india-rubber solution, and ^of**!"^^^**^ 
to meet this deficiency the first schedule of the Inflam- 
mable Liquids Bill. 1891, contained the following 
addition to the instructions for the use of the test- 
apparatus : 

" If the flashing test has to be applied to sub- 
stances of a viscous or serai-solid nature which cannot 
be poured (such as solutions of india-rubber in mineral 
naphtha), the mode of proceeding is as follows : About 
a tablespoonful of the substance to be tested is placed 
in the cup, and the cover is put on. The air-chamber 
in the water-b«ith is filled with water to a depth of 
1^ inch, and the temperature of the water-bath is raised 
to 76** (for which purpose the scale of the thermometer 
to be used in the water- bath should range from 60"* 
to 180'). 

" The cup is then put into the bath and the tempera- 
ture of the water-bath maintained at 76° throughout 
the test. After the lapse of fifteen minutes the test- 
flame is to be applied. If no flash occurs, the heating 
is continued for another fifteen minutes and the test- 
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flame again applied, and so on until a flash takes place 
or the temperature in the cup has reached 75''; [if a 
flash occurs at or]* below 72"* the substance under 
examination has an observed flashing-point of less than 
73°. The temperature at which a flash occurs is the 
observed flashing-point of the substance, and, subject 
to correction for atmospheric pressure as herein-before 
described, is the true flashing-point." 
Testing Although some paints containing petroleum, such 

P**"^®' as anti-fouling and anti-corrosive compositions applied 
to ships' bottoms, are neither viscous nor semi-solid 
and can be poured, their flash-points cannot be satis- 
factorily determined in the manner prescribed for the 
testing of petroleum owing to their ]:)eing insufficiently 
fluid to admit of the formation of convection currents. 
In other words, the heat applied by means of the 
water-bath and air-jacket does not circulate freely 
through the contents of the oil-cup, with the result 
that the part of the liquid undergoing the test which 
is in contact with the walls of the cup acquires a much 
higher temperature than is indicated by the thermo- 
meter, and a flash-point may be thus recorded which 
is far below the true flash-point. For the efficient 
testing of such liquids a stirrer in the oil-cup is needed. 
Results * After the Abel instrument had been in use for some 
a^wheric ^^^^> ^^® discovery was made that the results which it 
pressure. furnished dilFered materially according to the barometric 
pressure at the time of testing. This source of variation 
appears to have been first observed accidentally in 
Germany ; and as the result of a series of experiments 
made in an air-tight chamber in the Jewish Hospital 
in Berlin, it was ascertained that the difference in the 
flash-point amounted to about O'SO" C. for each 10 milli- 
metres difference in the height of the barometric column. 

* The words in square braxskets have, apparently, been inadver- 
tently ooiitted. 
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A table of corrections was accordingly prepared in 
Germany for use with the Abel Pensky tester. This 
table is given on p. 100. 

To obtain further evidence as to the effect of altera- Experi- 
tion in barometric pressure on the flash-point, a different 
series of experiments was conducted by one of the altitudes, 
authors in association with Sir Frederick Abel at 
different altitudes in Switzerland, and results exhibiting 
a difference of about 2"* F. in the flash-point for 1 inch 
difierence in barometric pressure were obtained. 

The experiments were, however, not carried out Results 
with a view of determining the exact extent of varia- ^ 
tion, the number of tests made being insufficient to 
form the basis of a table of corrections. The results 
actually obtained are given in the following table : 



1 

6 




I". 

i 


5* 

U, 00 

p. 

« i 


i6 

1 


"1 


is 

^1 




1 


71° F. 


71" F. 


68" F. 


66° F. 


68° F. 


60° F. 


55° F. 


2 


78 


73 


70 


68 


64 


62 


56 


3 


76 


76 


78 


71 


68 


65 


68 


4 


78 


78 


75 


73 


70 


67 


64 


5 


85 


85 


83 


80 


78 


75 


70 


Difference in barometer 












from London obser- 












vation 


1-25" 


2-5" 


8-575" 


5-7" 


«-5" 


Mean difference in 












flash - point per 












inch of mercurial 












column . 


2-06° 


2° 


2-2 88° 


1-93° 


1-76° 



It was also found that the efiect of a tropical climate Effect of a 
upon the liberation of vapour from the oil resulted in c^^^te^ 
the flash-point being considerably lowered; and as 
the Indian Government, in adopting the Abel test, 
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Experi- 
ments in 
India and 
England. 



Results. 



Modifica- 
tion 
adopted. 



had copied the directions verbatim from the English 
Act, the result was that several cargoes of oil, which 
were certified as of proper flash-point at the time 
of shipment, were refused admittance at the port of 
Calcutta. 

In order to investigate the matter one of the authors 
proceeded to India, and from a series of experiments, 
made there and afterwards in England in conjunction 
with Sir Frederick Abel and with the assistance of 
Dr. Kellner, it was demonstrated that a much lower 
flash-point l^han that furnished in a temperate 
climate was liable to be obtained when the Abel test 
was employed in a tropical climate in the manner 
prescribed in the English Act. Further experiments 
made by Dr. Warden, analyst to the Government of 
Bengal, Professor Pedler, of Calcutta, Dr. Lyon, Sir 
Frederick Abel, Dr. Kellner, and one of the authors 
showed that the depression in the flash-point was 
largely due to disengagement of vapour in the act of 
filling the oil-cup. Although prolonged cooling of the 
oil minimised the liability to such disengagement of 
vapour, it was found that the only practical means of 
eliminating this source of error was to get rid of the 
vapour before commencing the test or before the 
flash-point was reached. 

The vapour was readily removed by gently blowing 
over the surface of the oil before placing the cover on 
the cup, or by the use of an aspirator attached to the 
cover, or by leaving the test-slide withdrawn for some 
time ; but the method finally adopted consisted in 
commencing the test many degrees below the flash- 
point, so that the vapour is withdrawn by the current 
of air created by the test-flame in successive quantities 
too small to cause a flash before active volatilisation of 
the oil begins. Thus modified, the test gives results at 
a tropical temperature which agree very closely with 
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those which it furnishes in a temperate climate. The 
slight loss of volatile constituents which occurs when 
the test is so performed is of no practical importance, 
since such loss takes place even by exposure to the 
air in hot climates. (See a joint communication from 
Sir F. Abel and one of the authors in the Chemical 
News, May 2, 1884.) 

In October 1887 Sir Frederick Abel drew up direc- Directions 
tions for the use of the Abel instrument in tropical AbeTtest in 
climates. These directions will be found in Appendix III. tropical 

Since the Abel test was legalised in India, it has TeTting 
been found necessary to determine the flash-point Burma 
of Burma crude petroleum, which is solid at common peuoieum. 
temperatures. In testing this oil in the Abel instru- 
ment, rapid evolution of vapour commences while the 
bulk of the oil in the cup remains solid, and the 
thermometer therefore does not indicate the tempera- 
ture of the oil in contact with the walls of the cup 
from which vapour is being evolved. To meet this 
diflEiculty, one of the authors suggested the addition of 
a delicate thermometer, which is fixed in the cover of 
the oil-cup in a vertical position, so that the small 
cylindrical bulb is just immersed in the oil, and is dis- 
tant only a tenth of an inch from the side of the cup. 

In 1880 the subject of petroleum-testing was inves- investiga- 
tigated in Germany on behalf of the Government, and petro^lum- 
the Abel instrument was selected as the best, but, as testing in 
exception was taken to the personal error liable to be *^™^*°^' 
introduced by the method of applying the test-flame, 
the modification devised by Pensky, of Berlin, was Abei- 
adopted. The improvement consists in effecting the fdopt^**** 
movement of the slide and application of the test-flame 
by a clockwork arrangement, which ensures uniformity.* 

* This instrument is here very fully described, as advantage will 
probably be taken of the first opportunity to legalise its use in this 
country. 
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Description A section of the instrument — which in all other respects 

instrument. ^^ practically identical with the ordinary Abel apparatus 

— and the details of the clockwork mechanism, are 

shown in Figs. 5 and 6, which also give the dimensions 

in millimetres. 




Fig. 5. 

The slide S pivoted on the centre z is set in motion 
by the arm d moving on a central axis. This arm 
carries on its under side two pins e^, e^. When the 
slide is in its normal position — i.e., closing the openings 
^v ^2» ^8 — ^^® ^^ ^^® P^^s ^1 rests against the steel 
plate / on the right-hand side of the slide, and the 
other 63 is held by the catch g. On the axis of the 
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arm d is fastened the spring-case u containing a spiral 
spring. 

To wind up the clockwork, the knob h is turned half 
round, further winding being prevented by a stop. To 




Fig. 6. 

move the slide, the trigger k is pushed towards the 
spring h, the catch g being thus drawn back and the 
pin eg released. The spiral spring unwinds and presses 
the other pin e^ against the slide /S>, moving this slide 
aside to the left and uncovering the apertures. As 
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soon as the pin e^ is carried by the revolution of the 
arm d past the steel plate/, the slide is forced back to 
its former position by the spring r, and the pin e^ is 
stopped by the catch g^ which returns it to its original 
place as the trigger k is released. These movements 
are repeated every time the test is applied. The un- 
coiling of the spiral spring and movement of the slide 
are regulated by the escapement m n j>. The three 
holes in the lid of the oil -cup and the two holes in the 
slide (the lateral movement of the slide uncovering and 
covering the third hole in the lid) are of the same 
area as those in the Abel instrument, but not quite 
the same shape, on account of the circular motion of 
the slide. The lamp is tipped by a nose-piece n, and 
on its return to the perpendicular is prevented from 
swinging backwards by a stop v. 

The Abel-Pensky apparatus, as used in Germany, 
furnishes results about 3° F. higher than those given 
by the Abel instrument, but the clockwork modification 
employed in India is standardised to afford flash- 
points corresponding with those obtained with the 
original Abel instrument. 
Directions The following is the method of appl} ing the Abel- 
Pensky test prescribed in Germany : — 

The testing should be carried out in an apartment of 
medium temperature and free from draughts. The 
petroleum samples should be in closed vessels, and 
have been long enough in the room to have acquired 
the same temperature, otherwise the tests will not be 
satisfactory. 

The height of the barometer must be observed 
before commencing operations, and the temperature 
at which the test is to be first applied varies with 
the pressure indicated, according to the following 
table :— 



for use. 
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Height of Barometer. 


First Test applied at 


G85 to 695 


millimetres 


+ 14= C. 


695 to 705 


>t 


+ 14° 


705 to 715 


?» • • ' 


+ 14-5° 


715 to 725 


»> 


+ 15° 


725 to 735 


»» 


+ 15-5° 


735 to 745 


>> . . . 


+ 16° 


745 to 755 


» 


+ 16-5° 


755 to 765 


)♦ . . . 


+ 17* 


765 to 775 


i» 


+ 17° 


775 to 7S5 


>i . . . 


+ 17 5° 



If the barometer varies from the normal pressure ot 
760 mm. by more than 2^ mm. either way, the actual 
flash-point observed is corrected in accordance with the 
table on p. 100. The table being arranged for intervals 
of 5 mm., intermediate pressures are counted as or 5, 
according to the figure which they most nearly approach 
— viz., 742 counts as 740, 743 as 745, and so on. The 
instrument must be set level on the testing-table, with 
the aid of a spirit-level or plumb-line, before it is filled, 
and it should be at such a height that the red mark on 
the water-bath thermometer is on a level with the eye 
of the operator. The bath is next filled with water at 
-I- 50"* to 52"* C. until a portion runs out through the 
overflow pipe, to which an iudiarubber tube should be 
attached to convey the surplus water away without 
splashing the apparatus or table. If cold water is used 
for filling the bath, it must be warmed by the heating 
lamp before putting in the oil-cup, care being taken 
that the base ring does not get overheated. The test 
lamp is prepared for use by being packed with loose 
cotton wool, which is then saturated with petroleum, 
any surplus being poured out. If this is not attended 
to, the tipping of the lamp at the moment of applying 
the test might cause drops of oil to fall on to the lio. of 
the tester and vitiate the results. The wick must also 
be cleansed from any adherent incrustation or char. 

/Crioogle 
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The oil-cup, with its cover and thermometer, are to be 
thoroughly clean and dry, and all traces of oil from 
preceding tests are to be removed by drying and ab- 
sorption. Finally, the petroleum to be tested, if not at 
least 2° C. cooler than the lowest of the temperatures 
recorded in the foregoing table, must be cooled down to 
that point, together with the oil-cup, the latter being 
dipped into cold water. To obtain very exact results, 
it is advisable to use water cooled to -h ll*" C. for this 
purpose, and to keep the oil-cup in it long enough for 
proper cooling. Before inserting the oil-cup, the water- 
bath is heated up to 54"* to 55° C, the temperature 
indicated by the red mark on the thermometer scale. 
Meanwhile, the oil is poured into the oil-cup by means 
of the pipette, until the extreme point of the indicator 
just projects above the surface of the liquid. It is im- 
portant that this limit should not be exceeded, but if 
this should happen, the cup must be emptied, dried 
carefully, and refilled. Any bubbles forming on the 
surface of the oil must be dissipated by pricking with 
the warm charred point of a burnt-out match. The 
table on which the cup stands during the operation of 
filling should be perfectly horizontal and quite near to 
the water-bath, to minimise the risk of tilting or 
shaking the cup. The oil is poured into the centre of the 
cup and not against the sides, and to prevent bubbles 
the nozzle of the pipette should be kept below the 
surface of the liquid. The lid of the cup is put on 
directly after pouring in the oil, the thermometer 
being previously inserted in its socket and pressed 
down tightly, avoiding contact between the ebonite 
plate under the clockwork and the knobs K on the 
bath, as this would prevent the lid from fitting 
properly. The insertion of the oil-cup into the bath 
must be done without tilting or shaking, and to 
avoid the risk of this the cup, previously cooled by ice 
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and water to 8° C. (to prevent the oil getting warm 
while filling), may be put into position before filling. 
Should the water bath be at a higher temperature than 
54° to 55'' C, it must be cooled by the addition of cold 
water, and when that degree is reached the lamp is 
extinguished. 

When the oil approaches the temperature at which 
the first test is to be applied, in accordance with the 
foregoing table, the test lamp is lighted and the flame 
adjusted until, when viewed from the front, it is of the 
same width as the white bead on the lid. This is im- 
portant, as the size of the flame has an influence on the 
flashing temperature. The clockwork is then wound 
up by turning the milled head as far as it will go in the 
direction indicated by the arrow. On releasing the 
catch by pressing on the trigger, the slide slowly and 
regularly moves aside, and at the end of two seconds 
has returned to its original position. During the 
movement of the slide the behaviour of the test-flame 
as it approaches the surface of the oil must be carefully 
observed, particular attention being directed to shelter- 
ing the apparatus from all draughts and from the breath 
of the operator. This is facilitated by the provision of 
a glass plate fixed to the draw-out side of the case con- 
taining the apparatus. The test is to be repeated at 
every ^** rise of the thermometer until a flash is ob- 
tained. Before the absolute flash-point is reached 
the size of the test-flame will be observed to increase 
by a kind of halo when dipped towards the oil, but the 
true flash is a bluish, lightning-like flame extending 
over the whole free surface of the oil. The temperature 
indicated by the thermometer is subject to correction, 
both as regards barometric pressure and error, if any, 
of the thermometer itself, according to the variation 
ascertained on standardising the instrument. The test 
is repeated with a fresh portion of the same oil, after . 
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cooling the oil-cup and lid, drying and freeing them, as 
well as the thermometer, from all adherent drops of oil, 
and reheating the bath to 55° C. 
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If the result of the second test agrees with the first 
within |-°, the average is taken as the apparent flash- 
point. If, however, the difference is 1° or more, a third 
test is necessary ; and, provided the results of the three 
do not difter more than 1^°, the average is taken. In 
case of a greater divergence a fresh set of tests must 
be made. In the case of oils flashing at the first 
application of the test-flame, the actual flash-point 
may be higher than is indicated by the thermometer, 
the accumulation of vapour in the oil-cup causing 
the flash to occur sooner than it would in ordinary 
circumstances. If it is desired to accurately test such 
oils, the operation is begun at a lower temperature 
than usual, and repeated at lower degrees until no 
flash is produced on first opening the slide. 

The apparent flash-points must be corrected for 
pressure, according to the table on p. 100, by finding 
the observed flash-point in the column headed by 
the existing height of the barometer, and proceeding 
in the same row to the column headed 760, which 
will 'show the actual flash-point at normal pressure. 
Fractions between the figures given in the table are 
to be counted as the figure to which they most nearly 
approach. Any error recorded by the standardiser of 
the apparatus must be corrected before applying the 
correction in the table. 

By an order of the Imperial Chancellor, dated July 21, standardis- 
1882, the Kaiserliche Normal- Aichungs- Kommission l**^ *^® 

^ , instruments. 

was empowered to standardise and stamp mstruments 
for testing petroleum, particular attention being devoted 
to the following points : 

(a) The dimensions of the apparatus. 

(6) The accurate timing of the slide movement. 

(c) The accuracy of the thermometer. 

{d) The correctness of the flash-points indicated by 
the apparatus. 
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(e) The accuracy of the metallic barometer supplied 
with the instrument. 

The examination of the thermometers should not take 
place until they have been delivered. 

In verifying the dimensions of the apparatus, the 
following variations from the exact standard are 
allowed in : 

Millimetres. 
The thickness of the metal plates . . . 0'2 

The diameter of the lamp spout . 0*2 

The distance of the point of the filling indicator from 

the upper edge of the cup 0*5 

The distance from the lower corner of the inside of 
the lamp spout to the upper face of the cup-lid 
when the lamp is fully tipped .... 0*5 

The thickness of the ebonite ring . . 0*5 

The inside diameter and height of the oil-cup; the 
width of the brass ring; its distance from the 
upper edge of the cup ; the distance of the axis 
of the slide from the centre of the cup-lid and 
the centre of the three apertures; the diameter 
of the bead ; and the dimensions of the tube for 
the insertion of the thermometer t^ , ^ , , 1*0 

The distance of the centre of the bulb of the thermo- 
meter t^ from the end of the sheathing-tube and 
from the underside of the cup-lid . . . 1 *0 

The dimensions of the water-bath, and of the outer 
cylinder; the width of the ebonite ring on the 
bath ; and the distance of the lowest mark on the 
scale of either thermometer from the enlargement 
on the tube 20 

The variation of time allowed for the slide movement 
is 0'2 second over or under the prescribed standard. 
The thermometer t^ may not vary from the normal 
instrument more than 0*2'' C. when tested in four 
places on the scale, and the thermometer <2 i^ot more 
than 0*5'' C. when tested in two places. Furthermore, 
successive portions of the same sample of oil consecu- 
tively examined should not show a greater divergence 
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of flash-point than 075° C, and the average of five 
or seven such tests should not differ from the average 
of the same recorded by the standard by more than 
0*5° C, an oil approximating to the standard flash- 
point being used for the experiment. The metallic 
barometer belonging to the apparatus should not differ 
more than 2 millimetres from the standard at the 
ordinary room temperature. It must be examined 
with a view to ascertaining the influence of sudden 
alterations of pressure or continued shaking of the 
instrument on its accuracy between the limits of 
680 and 790 mm. The instruments which satisfy 
the tests imposed are stamped by the Normal- Aichungs- 
Kommission on all the removable portions, and the 
amount of variation or error of flash-point to be 
allowed for is indicated. The maker's name, the number 
of the instrument, and the year of examination are 
included in the p tamping, and all the particulars are 
inscribed on a certificate issued by the standard iser 
together with the following measurements : 

(a) Distance of the point of the filling indicator 
from the upper edge of the oil-cup. 

(6) Distance of the lowest inside point of the lamp 
spout from the under surface of the cup-lid when the 
lamp is fully tilted. 

(c) Distance of the central point of the oil- thermo- 
meter bulb from the under surface of the cup-lid. 

To guard against any alteration of these points 
subsequent to standardising, the Aichungs-Kommission 
send out with each apparatus examined a stamped 
gauge, consisting of a rectangular steel plate on one 
side of which is a projection for controlling the measure- 
ment a; on another a second projection bounded by 
two flu tings to measure &, and furnished with a pro- 
jecting stud on one of its flat surfaces for gauging c. 
To examine a, the gauge is applied to the edge of the 
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nil-cup, 80 that the projection hangs down inside and 
the mark on it is touched by the point of the filling 
mark. For the second verification, 6, the clockwork is 
set in motion, and the apertures in the lid are wedged 
open so that the mouth of the lamp is at its lowest 
point. The gauge is then applied under the lid, and 
the lower inside corner of the spout should coincide 
with the end of the smaller projection. For examining 
c, the side of the gauge opposite to the smaller projection 
used for h is applied to the under side of the lid, when 
the stud should exactly touch the middle of the bulb 



Tagliabue's 
*' pyro- 
meter." 





Fig. 7. 



Fig. 8. 



of the thermometer. The length of the lamp spout 
can also be verified, a mark cut at right angles to the 
plain side of the gauge showing the exact size. The 
edge of the spout-mouth should coincide with the 
mark ; and should either the top or bottom corner fail 
to do so, the apparatus is out of adjustment. 

As early as 1862, Tagliabue patented in America a 
** coal-oil pyrometer," for use either as a closed cup to 
determine the flash-point, or as an open cup for ascer- 
taining the igniting point of the oil. The apparatus 
is shown in Figs. 7 and 8, the upper portion of Fig. 8 
showing the cover of the instrument illustrated in 
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Fig. 7, while the larger illustration in Fig. 8 shows a 
simpler form of the apparatus. The cylindrical water- 
bath is supported by a metal stand having an aperture 
near the bottom for the introduction of a small spirit 
lamp. The vapour disengaged from the oil by the 
application of heat mixes with atmospheric air admitted 
through perforations in the lid, and an inflammable mix- 
ture is thus formed, which ascends into the dome. The 
flash-point of the oil is ascertained by the insertion of 
a lighted taper or match into an opening in the dome, 
at intervals, until a slight explosion occurs. To deter- 
mine the igniting point of the oil, the cup is opened by 
partially revolving the cover, and the test-flame is held 
for one or two seconds in contact with the escaping 
vapour. 

Directions for Use. — Remove the cover a of the 
instrument by turning it until the vertical slots come 
into position to allow of its being taken off*, take out 
the oil-cup, fill the outer vessel with water to a distance 
of within 2 inches from the top, replace the oil-cup and 
fill it with the oil to be tested to within f inch from 
the top, replace and secure the cover in position, supply 
the lamp with alcohol and trim the wick to give a 
small flame, light it and place it under the water-bath. 
The mercury in the thermometer will soon begin to 
rise ; watch this carefully until it approaches to within 
about 20'' F. of the temperature at which the oil is ex- 
pected to flash, remove the lamp, press down the bravSS 
knob c,* which will open the valves and allow air to 
enter into the instrument and vapour to rise in the 
dome C, Into the aperture of this insert a very small 
lighted taper, and if the vapourising point has been 

^ This knob is conuected with a bar 6, the ends of which 
normally cover apertures / in a pivoted plate h. The plate may 
be moved by means of a handle g when it is desired to open the 
cup. The bar e is supported by a spring. 
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reached, a slight "puff" will occur; if this should not 
take place, replace the lamp and allow the mercury 
in the thermometer to ascend very slowly, 2*^ or 3° F. per 
minute ; remove the lamp and perform the same opera- 
tion with the lighted taper until the slight " puff" is 
produced ; proceed very slowly with this operation, and 
when the "puff" occurs take a simultaneous reading 
of the thermometer ; this indicates the flash-point. 
To ascertain the burning-point of the oil, replace the 
lighted lamp and allow the thermometer to rise about 
8° F. ; now remove the lamp, swing back the cover by 
means of the handle g^ and pass the lighted taper 
quickly across the oil without inclining the taper down- 
wards ; if the burning-point has been attained, the oil 
will ignite ; if not, cover the oil and replace the lamp, 
watching the thermometer carefully, and not allowing 
the mercury to rise more than 3° or 5° F. between the 
tests. When the oil takes fire, read the thermometer, 
and this will give the igniting-point. It is advisable 
in all cases to make more than one test of the oil ; in 
each new test the water and oil should be changed, 
and the instrument allowed to cool. Having learned 
the vapourising point in the first operation, in the 
succeeding ones the instrument can be more carefully 
watched, and probably the flash-point recorded will 
be lower than in the first operation. When "high 
grade" oils are being tested, sand is placed in the 
outer vessel instead of water. One of the authors has 
not found it possible to obtain concordant results with 
this instrument. In some cases the results closely 
agree with those furnished by the Abel apparatus, but 
in most instances they appear to be from 6° to 8° F. 
higher, and occasionally lO*' or 12° higher. This ap- 
paratus was formerly used in Germany. The simpler 
form of the instrument shown in Fig. 8 consists of a 
water-batli A^ an oil-cup B, the hood (7, with an 
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opening a, into which the test-flame is inserted ; the 
body Ey the thermometer Z), the lamp F, and the 
pivoted cover h over the air-inlet. 

The instrument officially employed in the State of Wisconsin 
Wisconsin has a copper oil- cup with a copper cover in **®*®''- 
which there is a small opening for the insertion of the 
test-flame. In 1882 the State Board of Health of 
New York adopted a form of the tester last described, 
embodying improvements suggested by Professor Arthur EiHott 
H. Elliott, the chief of which was the substitution of a *®®*®''- 
glass for a metal cover. The following is the official 
description of the apparatus and of the mode of apply- 
ing the test : 

The instrument consists of a sheet-copper stand Description 
8^ inches high, exclusive of the base, and 4^ inches in 
diameter. On one side is an aperture, S^ inches high, 
for introducing a small spirit lamp about 3 inches in 
height, or better, a small gas-burner in place of the 
lamp when a supply of gas is at hand. The water- 
bath is also of copper, and is 4^ inches in height and 
4 inches inside diameter. The opening in the top is 
2|^ inches in diameter. It is also provided with a 
J-inch flange which supports the bath in the cylindrical 
stand. The capacity of the bath is about 20 fluid 
ounces, this quantity being indicated by a mark on the 
inside. The lower portion of the copper oil holder is 
3f inches high and 2f inches inside diameter. The 
upper part is 1 inch high and 3f inches diameter, and 
serves as a vapour-chamber. The upper rim is pro- 
vided with a small flange which serves to hold the glass 
cover in place. The oil holder contains about 10 fluid 
ounces when filled to within ^ of an inch of the flange 
which joins the oil-cup and the vapour-chamber. In order 
to prevent reflection from the otherwise bright surface 
of the *^etal, the oil-cup is blackened on the inside 
by forming sulphide of copper by means of sulphide 
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of ammonium. The cover is of glass, and is 3f inches 
in diameter. On one side is a circular opening closed 
by a cork through which the thermometer passes. In 
front of this is a second opening f of an inch deep and 
the same in width on the rim, through which the 
flashing-jet is passed in testing. The substitution of a 
glass for a metal cover more readily enables the operator 
to note the exact point at which the flash occurs. A 
small gas jet, ^ inch in length, furnishes the best means 
for igniting the vapour. Where gas cannot be had, 
the flame from a small waxed twine answers very well. 
The test shall be applied according to the following 
directions : 
Directions Remove the oil-cup and fill the water-bath with 
cold water up to the mark on the inside. Replace the 
oil-cup and pour in enough oil to fill it to within ^ of 
an inch of the flange joining the cup and the vapour- 
chamber above. Care must be taken that the oil does 
not flow over the flange. Remove all air bubbles with 
a piece of dry paper. Place the glass cover on the oil- 
cup, and so adjust the thermometer that its bulb shall 
be just covered by the oil. If an alcohol lamp is 
employed for heating the water-bath, the wick should 
be carefully trimmed and adjusted to a small flame. 
A small Bunsen burner may be used in place of the 
lamp. The rate of heating should be about 2° F. per 
minute, and should in no case exceed 3**. As a flash 
torch, a small gas jet ^ inch in length should be 
employed. When gas is not at hand employ a piece 
of waxed linen twine. The flame in this case, how- 
ever, should be small. When the temperature of the 
oil has reached 85° F., the testing should commence. 
To this end, insert the torch into the opening in the 
cover, passing it in at such an angle as to well clear 
the cover, and to a distance about half-way between 
the oil and the cover. The motion should be steady 
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and uniform, rapid and without any pause. This 
should be repeated at every 2"" F. rise of the thermometer 
until the temperature has reached 95° F., when the 
lamp should be removed and the test should be made 
at each degree of temperature until 100° F. is reached. 
After this the lamp may be replaced if necessary, and 
the- test applied at each 2° F. The appearance of 
a slight bluish flame shows that the flash-point has 
been reached. In every case note the temperature of 
the oil before introducing the torch. The flame of the 
torch must not come in contact with the oil. The 
water-bath should be filled with cold water for each 
separate test, and the oil from a previous test carefully 
wiped from the oil-cup. The instalment to be used in 
ascertaining the igniting-point of oils shall consist of 
the cylinder, the copper oil-cup, together with a copper 
collar for suspending the cup in the cylinder, and an 
adjustable support for holding the thermometer. The 
test for ascertaining the igniting point shall be con- 
ducted as follows : Fill the cup with the oil to be 
tested to within f of an inch of the flange joining the 
cup and the vapour-chamber above. Care must be 
taken that the oil does not flow over the flange. 
Place the cup in the cylinder and adjust the thermo- 
meter so that its bulb shall be just covered by the oil. 
Place the lamp or gas-burner under the oil-cup. The 
rate of heating should not exceed 10° F. a minute below 
250° F., nor exceed 5°*a minut*^ above this point. The 
testing-flame described in the directions for ascertain- 
ing the flash-point should be used. It should be 
applied to the surface of the oil at every 5° rise in the 
thermometer till the oil ignites. 

An inconveniently large quantity of oil is required Objection to 
for this test, and the results obtained, while not *^* ***** 
differing greatly from those furnished by the Abel 
instrument, are less concordant. 
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Directions 
for use. 



The first " automatic " tester introduced was that of 
Granier, which has been officially employed in France, 
and is thus described : The apparatus consists of a 
small copper cup divided into two concentric parts, the 
walls of the inner division being conical. In the aper- 
ture at the apex of the cone is inserted a tubular wick 
on a small mandrel which stands in a depression formed 
in the bottom of the cup, so as to be perfectly upright. 
There is a small tube in the outer division to serve as 
a gauge for the quantity of oil, and as an overflow pipe 
to carry away any slight excess. Heat is applied to 
the oil, not by a lamp below, but by means of a bent 
copper wire fixed in the aperture of the lid, so as to 
receive heat from the test-flame and convey it to the 
oil, into which its two ends dip. The cover has a cir- 
cular opening over the test-flame, with a small lid afeo 
pierced by a central aperture. 

The method of applying the test is as follows : The 
apparatus must be clean, and the wick must be renewed 
if carbonised to a depth exceeding 1 mm. The wick, 
fixed upon its metallic mandrel, is placed in the metallic 
cone in the cup, so as to rest evenly on the bottom of 
the cup. The oil to be tested, the temperature of 
which should not exceed 25° C, is poured into the cup 
in such a manner that it runs into the wick, the cup 
being filled to the top of the connecting tube. The 
cover is then placed on the cup, the small lid in the 
centre of the cover closed, and the thermometer placed 
in its socket. To ascertain the degree of inflamma- 
bility, a lighted match is held near the small orifice in 
the centre of the small lid, and kept there for several 
seconds, and the temperature at which a petroleum 
vapour flame appears and remains above the orifice is 
carefully noted. If a persistent vapour flame is not 
obtained, the wick should be lighted at several points, 
so as to produce combustion all round the edge, and 
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the small lid closed. The rise in temperature is to 
be carefully observed, the degree at which a slight 
explosion occurs and extinguishes the flame being the 
degree of inflammability. Should this be either 32°, 
33°, or 34° C, the operation is to be twice repeated 
with fresh portions of the sample, and the average of 
the three taken as the correct result. Liquids passing 
the test of 35° C. are considered as of the second class, 
and those failing to do so are held to belong to the first 
class, of inflammable liquids. 

One of the authors has made a considerable number Unsatisfac- 
of tests with the Granier apparatus, but has found the character of 
action so unsatisfactory that he is unable to state how the test, 
the results compare with those given by the Abel 
instrument. 

In Parrish's naphthometer, an "automatic" tester Pamsh's 
which has been largely used in Holland, the cover of ^^^^*^^" 
the oil-cup is provided with a wick holder, fixed cen- 
trally in a short tube of greater diameter, and carrying 
a lamp wick which passes down into the* oil. The oil 
thermometei* is inserted in a tube which is attached to 
the cover of the cup. This tube communicates (l) with 
the external air through orifices in the cup at the upper 
end, (2) with the air in the upper part of the oil-cup 
through a lateral aperture, and (3) with the oil in the 
cup through openings in the bottom of the tube. A 
screen prevents the heat of the test-flame from afiecting 
the thermometer. The oil-cup fits in a water-bath 
which is placed in an outer casing containing the spirit 
lamp for heating the apparatus. In applying the test, 
cold water is poured into the water-bath, and the oil- 
cup is filled to within 1 centimetre from the top. The 
flame of the spirit lamp is regulated to a length of 1 to 
1^ centimetre, and the testing-flame should not exceed 
6 or 7 millimetres in length. The heat from the latter 
causes a current of air to pass down the tube containing 
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Foster's 
tester. 




Fig. 9. 



the thermometer, over the surface of the oil, where it 
mingles with the oil vapour, and to issue near the test 
flame, ignition occurring when the flash-point of the 
oil is reached. 

The Foster automatic tester (Fig. 9), employed in 
Ohio, is similar in principle to Par- 
rish's tester. In the figure the oil- 
cup is shown at A, the water- bath 
at B, the body of the apparatus, 
forming an air jacket, at C, and the 
fliish-jet at D. 

The instrument consists of a copper 
lamp-furnace containing a water- bath 
and oil- cup, the latter surmounted 
by a closed vapour- chamber, which 
is pierced at two points symmetri- 
^ cally placed for the reception of a 
thermometer and a flashing-lamp or 
taper. The apparatus is elliptical in shape, the thermo- 
meter being placed in one focus of the ellipse, and the 
flashing-taper in the other. The flashing-taper consists 
of a smioU cylindrical wick-holder, which is supported 
by radial arrus attached to a ring, and rests upon a 
similar ring at the bottom of an open, shallow basin, 
the spaces between the radial arms giving egress to the 
oil vapour, while the wick itself extends down into the 
body of the oil within the cup. An inverted conical 
thimble, resting upon the rim of the basin, prevents the 
dissipation of the vapour. The thermometer is mounted 
in a copper tube cut away in front to expose the scale, the 
bnlb of the thermometer, when in position, being within 
the body of the oil at a definite distance below the 
surface. A space round the tube of the thermometer, of 
definite diameter and distance above the surface of the 
oil, allows of the passage of a downward cuiTent of 
atmospheric air when the flashing-taper is alight. An 
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index is placed within the water-bath and within the 
oil-cup for maintaining uniformity in the filling of each. 
The heating lamp of the lamp-furnace has its wick ad- 
justable to regulate the rate of heating. 

Directions for Use. — (1) Remove the thermometer, 
with its mounting, from the oil. 

(2) Lift off the oil -cup containing the flashing- taper, 
and half fill the open water-bath with water. 

(3) Now take out the wick-holder from the oil-cup, 
and fill this vessel with the oil to be tested, pouring in 
the oil at the place of the wick-holder, and noting the 
gauge-mark at the thermometer hole ; pour in the oil 
very gradually as the surface approaches the gauge- 
mark. The gauge- mark consists of a small pendant 
shelf, and the oil-cup is properly filled when the upper 
surface of the oil just adheres to the lower surface of 
the gauge -mark. Too much care cannot be taken at 
this point ; therefore, having ceased pouring, tip the 
cup so that the oil flows away from the gauge, and 
then gradually restoring it to the horizontal, see that 
the surface again adheres, and add a little more oil if 
it does not. 

(4) See that the wick of the flashing-taper be 
adjusted to give a very small flame — a flame that does 
not exceed one quarter of an inch in height. A flame 
that exhibits as much blue at its base as yellow at its 
top is right. 

(5) Now replace the oil-cup in the water-bath ; 
return the flashing-taper to its place, inverting the 
conical thimble round it, and return the thermometer 
to its place upon the cup ; in doing this be sure that 
the casing of the latter is pushed down upon the cup 
as far as it will go. 

(6) Half fill the lamp beneath with alcohol, light it 
and put it in its place beneath the water-bath. Now 
note the rate of increase in temperature as shown by 
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results to 
those of 
Abel tester. 



Salleron- 

Urbain 

tester. 



the thermometer, and adjust the wick to raise the 
temperature at the rate of 2° F. per minute. When the 
temperature has reached 100°F., light the flashing-taper 
and observe it closely. As soon as the oil under test 
has reached its ** flashing point" the flame of this 
taper will be extinguished by the "flash," and the 

temperature is to be 
noted at the instant the 
flame of the taper is ex- 
tinguished. 

Although the Foster 
tester belongs to the 
closed vessel class, one of 
the authors finds that it 
gives results from 14° to 
20° F. higher than those 
furnished by the Abel 
instrument, the extent 
of the difference depend- 
ing upon the character of 
the oil. 

In the Salleron-Urbain 
tester, which has been 
used in France in the 




Fig. 10. 



examination of petroleum, the flash-point is deduced 
from the pressure exerted by the vapour evolved at 
a given temperature. It consists, as shown in Fig. 10, 
of a copper or brass vessel A, from the bottom of which 
rises a conical pillar D. The vessel is hermetically 
closed by a cover d, which caiTies a guide-block C, 
fitting and pivoted on the pillar Z), and containing 
a cylindrical chamber B, closed above by a screw 
stopper and indiarubber ring p, and communicating 
below with ^ by a hole in the lid. A graduated tube 
of glass m, 35 cm. long, and divided into millimetres ; 
a thermometer, and a regulator, consisting of a stuffing- 
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box I, containing a piston raised or lowered by a screw r, 
to adjust the pressure of water in the tube m, are all 
fastentd hermetically to the lid. 

Directions for Use. — To test an oil, water is poured 
into the vessel A and the lid with its appendages is 
fastened down, the block C being so turned that the 
cylinder B is not in communication with A. The oil 
being placed in B and the stopper screwed down, the 
whole apparatus is placed in warm water until the 
thermometer indicates the required temperature. The 
height of the column of water in m is reduced to on 
the scale by turning the regulator screw r, and the 
block C is turned round so as to allow the oil to flow 
from B into A. The heat in the vessel A vapourises a 
portion of the oil, and the pressure generated is recorded 
by the rise of water in the graduated tube. The in- 
ventors prepared the table on p. 116, showing the 
pressure produced by heating a " normal petroleum " 
free from all constituents of less than 735, or more 
than '820 specific gravity. 

Salleron and Urbain give also the following as the 
determined vapour pressures (vapour tensions) of petro- 
leum products of various densities : 



Density at 


Tension in mm. 
of water at 15** C. 


Density at 
15" C. 


Tension in mm 
of water at 15' C 


•812 





•756 


125 


•797 


5 


•785 


410 


•788 


15 


•695 


980 


•772 


40 


•680 


1,185 


•762 


85 1 

1 


•650 


2,110 



As i-egards this test, Engler and Haas state that the Defective 
method rests entirely upon the belief that the vapour ^**"'"* °^ 
pressures vary directly with the flash-points of different 
varieties of petroleum, ^^hich is not in all cases correct, 
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as the presence of a small quantity of highly volatile 
hydrocarbon, presumably too small in quantity to 
sensibly affect the flash-point, increases the pressure 
in the apparatus. The conclusion is, however, expressed 
that oils whose vapour pressure at lb"" C. is not greater 





Pressure 




Pressure 




expressed in 




expressed in 


Temperature. 


millimetres of 


Temperature. 


millimetres of 




water in the 




water in the 




measuring tube. ' 

. 1 

1 

1 




measuring tube. 


X'. 


'C. 







:54o 1 


18 


78 
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;J(; 


19 


70 
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;57v) 1 


20 


71) 


3 


80 


21 


82-5 


4 


41 


•>-^ 


80 


5 


43 


28 


1)0 


(; 


45 1 


24 


95 


7 


47 


25 


100 


8 


41) 


2(; 


105 


\) 


51 


27 


110 


10 


58 


28 


lie 


11 


55 
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122 


12 


• 57 


30 


129 


18 


51) 


81 


18G 


14 


()l-5 


S2 


144 


15 


G4 


;^'d 


155 


1« 


(u 


84 


H>8 


17 


70 


85 


174 



than is represented by a column of 64 millimetres of 
water may be considered safe. 

When only a small quantity of oil is available for 
testing, the flash-point may be approximately deter- 
mined by slowly heating the oil in a test tube 4 or 5 
inches in length by about three-quarters of an inch in 
diameter, and inserting the burning end of a piece of 
thin twine into the mouth of the tube at intervals 
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after agitating the oil. The tube should be about 
one-third filled with the oil, and a delicate thermometer 
used to take the temperature. In this way results 
which do not differ materially from those furnished by 
the Abel instrument may be obtained after a little 
practice. 

The subject of the detection and measurement of Testing 
petroleum vapour in the atmosphere of tanks and of™^i[f *^c 
other spaces engaged the attention of one of the 
authors about eight years ago. He was at one time 
accustomed to employ an alcohol flame in testing for use of 
petroleum vapour, but becoming impressed with the ^^ohoi 
importance of being provided with a delicate and 
thoroughly trustworthy means of determining the 
proportion of inflammable vapour present, he was led 
to investigate the subject. After experimenting with Expenmtn- 
various methods of testing, with results given in a *f ^ »"vestiga- 
paper published in the Minutes of Proceedmgs of the 
Institution of Civil E7igineers,* he devised, in consulta- 
tion with Professor Clowes and Mr. Robert Redwood 
and with the assistance of Messrs. W. J. Fraser & Co., 
a testing apparatus in which the hydrogen flame is 
employed.t It is well known that a non-luminous 
flame burning in a space from which light is excluded, 
in air containing a small proportion of inflammable gas 
or vapour, is seen to be surrounded by a faint halo, 
which is termed the "flame-cap." The advantage "Fiamc- 
possessed by a hydrogen flame over other flames in ^^^^^^^^^ ^ 
point of sensitiveness when thus employed as a test of hydrogen 
for inflammable gases has long been recognised ; and ^*™*" 
Mr. Pieler,J in 1883, after referring to the previous 

* "Redwood on the Transport of Petroleum," Min, of Proc, Inst. 
C.E., cxvL (1893-94), Part II. 

t English Patent No. 187, 1898. 

X Ueber einfache Methoden zur Untersiichung der GrubenzoeUer. 
Aachen, 188.S. 
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recommendation of the hydrogen flame for testing by 
Messrs. Mallard and Le Chatelier,* described an appa- 
ratus in which the gas generated in a Dobereiner lamp 
was burned in a specially constructed test-lamp, for 
use in testing samples of air from the workings in coal- 
mines. Professor Clowes is entitled to the credit of 
having devised a form of miners' testing-lamp, which 
depends for its success upon the employment of hydro- 
gen stored under pressure. In the Redwood testing- 
lamp compressed hydrogen is also \ised. 




Fig. 11. 

Description. The Complete appliances are shown in Figs. 11 and 
12.t They consist of the lamp A, the reservoir of 
compressed hydrogen B, and the sampling vessel C, 
in which the sample of air for examination is collected. 
The lamp is shown in section in Fig. 12. ^ is the 
hydrogen inlet tube with the regulating valve B, and 
C is the hydrogen jet. D is the inlet tube for the 

* Ann. d. Mines, 7th Ser., xix. 

t The apparatus ia supplied by the sole makers. W. J. Fraser and 
Co., 98 Commercial Road Ea&t, London, E. 
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sample of atmosphere to be tested. The bore of this 
tube is greatly contracted, and immediately above the 
point at which the tube enters the base of the lamp 
is an arrangement of baffles, surmounted by three discs 
of wire gauze of at least 28 wires per lineal inch, or not 





Fig. 12. 

less than 784 openings per square inch, the flow of the 
gaseous mixture to the flame being thus regulated, and 
passage of flame into the collecting-vessel being pre- 
vented. The chimney E fits air-tight at the base, but 
is capable of vertical movement on an inner tube, the 
front of which is removed. The chimney is partly of 
metal and partly of glass, the metallic portion being 
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blackened inside, and on the glass window, lines cor- 
responding with various heights of flame-caps may be 
marked. The top of the hydrogen jet-tube is 10 mm. 
(0'4 inch) below the bottom of the window. Attached 
to the base of the lamp is a telescopic support for a 
cloth, which envelops the head of the observer and 
excludes light when the testing apparatus is used 
in an undarkened room. The construction of the 
collecting- vessel is shown in section in Fig. 12. A is 
the compression-pump, which is furnished with a 
metalh'c spring-piston, fitting the pump cylinder without 
the use of leather or other material, and lubricated 
with plumbago. Surrounding the pump is an annular 
space, in which the sample of atmosphere is stored. B 
is a collar to which may be attached a flexible suctiou- 
tube of any desired length. C is a cock, to which is 
connected a copper tube conveying the sample to the 
test-lamp. The bore of this cock is very much reduced. 
D is a pressure gauge, and E a spring valve lifting at 
30 lbs. pressure. F F are hinged brackets, on which 
the feet of the operator are placed while the pump is 
being worked. A handle is provided by which the 
cylinder can be conveniently carried. The capacity of 
the pump is 14*84 cubic inches, and of the annular 
space 169*14 cubic inches, thirty double strokes of the 
pump being required to charge the vessel to a pressure 
of 30 lbs. per square inch, when it will contain ^ cubic 
foot of the atmosphere sampled. It is desirable that 
the collecting- vessel should be fitted with a relief valve, 
as the apparatus is often used in places in which the 
dial of the' pressure gauge cannot be easily seen. The 
hydrogen cylinder may be of any desired size, but 
what is known as a 5-feet cylinder is of convenient 
dimensions. When charged to the usual pressure of 
120 atmospheres, it holds enough gas to supply a 
lO-mra. flame for ten hours, and is quite portable. 
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The whole apparatus may be packed into two small 
boxes, and may thus be readily taken on board a 
vessel. 

In the use of the apparatus, the first step is to Mode of use. 
connect the hydrogen cylinder with the lamp, taking 
care that the unions are screwed up gas-tight. The 
sliding chimney of the lamp being raised about halfway, 
the gas is then cautiously turned on at the cylinder, 
the regulating valve on the lamp being left open, and 
a light is applied to the hydrogen jet. The valve on 
the hydrogen cylinder is then adjusted so as to give a 
flame rather more than 10 millimetres (0"4 inch) in 
length, and the lamp chimney pushed down until there 
is an opening of only about a quarter of an inch in 
height at the bottom. This opening is left for the 
supply of air to the hydrogen flame during the few 
minutes occupied in the warming of the chimney. As 
soon as the moisture which at first condenses upon the 
cold glass has evaporated, the lamp is ready for use, 
and assuming the collecting- vessel to have been already 
charged with the sample to be tested and connected 
with the lamp, all that remains is for the observer to 
completely close the sliding chimney of the lamp, 
adjust the hydrogen flame by means of the regulating 
valve on the lamp, so that the tip of the flame is only . 
just hidden when the eye of the observer is on a level 
with the bottom of the window, place his head under 
a cloth, such as is used by photographers, so as to 
exclude light,* and as soon as his eyes have become 
suflSciently sensitive, turn on the tap of the collecting- 
cylinder, and carefully observe what takes place in the 
lamp chimney. The tap may at once be turned on 
fully, as the contraction of the outlet and inlet orifices, 
already referred to, prevents the sudden rushing out of 

* It is preferable to use t))e lamp in a darkened apartment, when 
thif> is possible. 

Digitized by VjOOQIC 



122 HANDBOOK ON PETROLEUM. 

the contents of the cylinder, and the sample will be 
gradually delivered into the test lauip during a period 
of more than two minutes, which is ample time for 
noting the effect. The rate of delivery is, of course, a 
gradually diminishing one, but this is not found to be 
attended with any inconvenience, the conditions being 
the same in each experiment. In this way, a propor- 
tion of vapour, considerably below that which is required 
even for the production of an inflammable mixture, and 
still lower than that which is needed to give an ex- 
plosive atmosphere, may be detected by the formation 
of a flame-cap of greyish-blue colour, which, though 
faint, is nevertheless easily seen, especially after a little 
practice. With an increase in the quantity of vapour, 
the flame-cap first becomes much better defined, though 
it is not greatly augmented in size, and then consider- 
able enlargement of the cap occurs, this condition being 
arrived at before the atmosphere becomes inflammable. 
One of the authors and his brother, Mr. T. Home 
Redwood, have succeeded in obtaining photographs 
of flame-caps, which are reproduced in Plate I. The 
results of experiments made by one of the authors 
show that even the proportion of vapour which furnishes 
the large flame-cap F is considerably below that neces- 
sary for the formation of a mixture which is combustible 
under the conditions of the experiments, and far smaller 
than that which produces an explosive mixture. The 
Delicacy of test is, therefore, a delicate one, and it is obvious that 
if the interior of a tank or other space be freed from 
vapour until a sample of the atmosphere gives no flame- 
cap with this apparatus, an ample margin of safety will 
be provided, even allowing for the fact that on the large 
scale, under some circumstances, combustion might 
occur when the proportion of vapour was smaller than 
the minimum quantity found to be requisite in the 
experiments made. 
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In taking a sample of air in a tank it must be re- Density of 
membered that the density of the vapour of petroleum yapour!*"* 
is always much greater than that of the air. The 
density of the vapour varies with the chemical compo- 
sition of the hydrocarbons volatilised. Thus the vapour 
of pentane (C5H12), a hydrocarbon of the parafiSn series 
present in American crude petroleum, and of which 
gasoline is largely composed, is 2 '5 times heavier than 
air, whilst that of heptane (CyHig) is 3*4 times heavier 
than air. 

The collecting-vessel may be used in the tank if the CoUection of 
proportion of vapour present is known to be small, but ^^"^p^*- 
even in such cases it is better to employ a short suction- 
tube, the open end of which can be placed at the lowest 
point in the tank, where the heavy vapour would prob- 
ably be found in largest quantity. If, on the other 
hand, the atmosphere of the tank is suspected to con- 
tain so much vapour that there would be danger of its 
producing insensibility when taken into the lungs, and 
especially if the compartment is entered through a 
small manhole, it would obviously be most improper 
that any one should be sent into the tank, and in that 
case the sample should be taken by the use of a long 
suction-tube reaching to the bottom. 

The lamp and its accessories have now been in prac- satisfactory 
tical use for many years, and have given the most results 
satisfactory results. In reporting upon a serious acci- 
dent which occurred on board the s.s Tancarville 
through the explosion of a mixture of petroleum vapour 
and air, the inspectors for the Board of Trade made 
the following suggestions : — 

" When repairs require to be carried out in a vessel 
which has been carrying petroleum, there should, in our 
judgment, be a formal handing over of the vessel to 
those by whom the repairs are to be undertaken, and a 
certificate that the tanks and all dangerous spaces have. 

Digitized by VjOOQIC 



iU 



HANDBOOK OM PETROLEUM. 



Close and 
open flash- 
points and 
fire-test. 



Pensky- 
Martens 
tester. 



Description 
of the 
instrument. 



as far as practicable, been adequately cleansed and 
ventilated and rendered free from risk of explosion or 
fire. If from any cause a complete certificate of this 
sort cannot be given, then it should be clearly notified 
w^hich tanks or spaces have not been cleansed and are 
still dangerous." 

This recommendation has been generally acted upon, 
and such certificates are now given. 

Lubricating Oils. — In this country it is customary 
to determine the close and open flash-points and fire> 
test of these oils. The two latter may be ascertained 
by heating the oil at the rate of 10° F. per minute in a 
porcelain crucible about tw^o inches in diameter, which 
is filled with the sample to be tested to about a quart(|r 
of an inch from the top and placed in a sand-bath, la 
gas-flame ^^ inch in diameter being passed across tHe 
surface, on a level with the edge of the cmcible, at each 
rise of two degrees of temperature, indicated by/ a 
sensitive thermometer, the bulb of which is immersed 
in the oil, until a flash takes place, and subsequently, 
on further elevation of temperature, the oil ignites and 
continues burning. The more usual practice, however, 
is to test the oil in a special form of appai-atus, and, 
having determined the close flash-point, to remove the 
cover of the oil-cup and proceed to ascertain the open 
flash-point and fire-test by using a test-flame in the 
manner described. 

The apparatus most largely in use is that known as 
the Pensky-Martens tester, which is shown in Fig. 13, 
with the test-flame in position for igniting the vapour ; 
the cover of the oil-cup being shown in plan and side 
view, and a handle, for removing the oil-cup, in the 
separate figures. 

The cover of the oil-cup consists of two parts — viz., 
the portion joined to the rim, and im upper portion 
which revolves through a small arc. In each portion 
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there are three orifices, the central one being twice the 
area of the two lateral ones. These orifices may be 
made to coincide, or the openings may be completely 
closed, according to the relative positions of the two 
portions of the cover. The lower part of the cover is 
fitted with a vertical rod serving as a support to a tube. 
This tube can be rotated upon the rod by turning the 




Fip. 13. 

non-conducting milled head at the upper end, and the 
action compresses a spring. At the lower end the tube 
is provided with an arm which, by the action of the 
spring, is held against a vertical stud. A pin project- 
ing downwards from the arm engages with a slot in 
the revolving portion of the cover, and on turning the 
milled head the openings in the upper portion of the 
cover are brought over those in the lower portion. At 
the same time, a flange projecting from the edge of the 
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revolving portion of the cover comes into contact with 
the oscillating test-jet, and this is depressed, so that at 
the same moment when the central openings coincide, 
the test-flame is brought to the orifice. On releasing 
the pressure requisite to turn the milled head, the 
openings in the cover are again closed by the action of 
the spring, and the test-jet is brought back to the hori- 
zontal position by the weight at the opposite end. 
This weight is attached to a stem forming a screw 
valve, by means of which the size of the test-flame can 
be adjusted. The gas is supplied through a lateral 
tube forming one of the supports on which the jet 
oscillates, the other support consisting of a small stud. 
In the lower part of the cover of the cup there is a 
socket for a thermometer, and in the centre of the 
cover there is a tube through which the stem of the 
stirrer passes. This stirrer is provided with a pair of 
arms working in the oil, and a smaller pair in the 
vapour-space above the oil. It is revolved by means of 
a flexible wire stem. The oil -cup is furnished with a 
pair of hooks for convenience in removing it from the 
bath when hot by means of the forked holder shown. 
The heating-vessel consists of a cast-iron air-bath with 
an annular chamber exposed to the flame, and a brass 
jacket, which serves to check radiation. The jacket is 
separated from the iron casting by a considerable space 
at the sides and by a distance of a quarter of an inch 
at the top. The oil-cup rests upon the jacket, and 
therefore does not come into contact with the cast iron. 
Beneath the bath there is a disc of wire gauze which is 
fitted to a swinging arm, so that it may be turned 
aside and the flame of a Bunsen burner allowed to 
impinge upon the bath when a high temperature is 
required. 
Rate of "^^^ flame of the burner may be regulated so that 

heating. the temperature of the oil rises at the rate of about 
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10° F. per minute. In employing this or any other- 
form of close-test instrument in the testing of lubri- 
cating oils, it is important that the samples should be Freedom of 
free from water, as the presence of aqueous vapour in **"^ * '°"^ 
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Fig. 15. 



the upper part of the cup prevents the occurrence of 
the" flash." 

Figs. 14 and 15 show Gray's instrument for deter- Oray's 
mining the flash-point of heavy oils. The apparatus *®**®''' 
consists of a brass oil-cup of the same dimensions as 
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that employed in the Abel instrument, supported on a 
tripod stand and covered with a tight -fitting lid 
through which passes a steel shaft canning on the end 
within the cup two stirrers, one for the oil and the 
other for the vapour. The upper end of the shaft 
terminates in a bevelled wheel engaging with another 
similar wheel on a horizontal shaft supported by two 
bearings and rotated by a handle fixed in an ebonite 
disc on its further extremity. This shaft also carries 
a collar from which project two pins at diametrically 
opposite points. These, when the shaft is drawn out a 
little way so as to disengage the bevel wheels, come 
into position for applying the test-flame. In the lid 
are three openings — one immediately in front of the 
test-flame, and the others on either side of it. The 
sliding cover is pierced with two orifices corresponding 
to those on the lid, and is kept closed (as shown in 
Fig. 15) by a spring while the bevel wheels are in 
gear. On drawing back the shaft, one of the project- 
ing pins engages with the horizontal arm of an upright 
rod connected with the slide, which is turned round 
when the handle of the shaft is moved about a quarter 
of a revolution, the openings in the lid being thus 
uncovered and the test-flame simultaneously applied. 
Where gas is not available for the test-flame, a good 
substitute is obtained by passing a current of air or 
hydrogen through cotton wool or other absorbent 
material saturated with gasoline. 

The following are the directions for use prescribed 
by the inventor : The oil-cup being filled up to the 
mark inside with the oil to be tested, the thermometer 
is placed in its socket and heat is applied either by a 
direct flame or by the interposition of a sand-bath. 
The test-flame is adjusted to a diameter of about one- 
eighth of an inch. During the heating the stirrers 
should be rotated at short intervals, and in proportion 
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to the rate at which heating progresses. When 
the expected flash-point is approached, the heating 
should be more gradual, to ensure greater accuracy in 
the test ; and a rough test to ascertain this point may 
be first made. Observations may be taken every 
degree or half-degree, giving the stirrer a few turns 
before each. The rate of heating is immaterial, 
provided it is not too rapid to allow of readings being 
taken. 

Other Products. — The various commercial descrip- Testing 
tions of mineral spirit obtained from petroleum and ^*^^t^*^ 
shale oil have flash-points very far below the limit 
fixed by law, but it is nevertheless sometimes necessary 
in the administration of the Acts to make a formal 
application of the prescribed test. This can be done 
without risk, .but care should be taken that the oil-cup 
is not filled or emptied in proximity to a flame. 

Burning oils of very high test, and gas-oils of this Testing 
description, are usually tested in the Pensky-Martens ^**"^*^®» **=• 
instrument. 

SPECIFIC GRAVITY. 

The specific gravity will be seen from the particulars 
given in chap. iv. to afford a good indication of the 
character of the product. It may be detennined with 
suflficient precision for this purpose by the use of an 
accurate hydrometer with an ** open " scale, but the Hydro- 
temperature must also be taken, and if this exceeds or correction 
•"falls short of 60° F. the necessary correction must be for 
made. The correction depends to some extent upon *®™p®^**^®' 
the character of the product. In the case of kerosene 
it is usual for commercial purposes to add to, or deduct 
from, the observed specific gravity "004 for every 10° F. 
above or below 60° F. ; thus 796 at 70° F., or '804 at 
50° F., would be '800. The co eflScient of expansion of 
mineral spirit is higher, and of lubricating oils lower. 
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than that of kerosene, so that for these products the 
addition or subtraction should be respectively some- 
what greater and somewhat smaller, '005 and '003 
being nearer than '004 to the actual figure. 

The instrument known as the Westphal Balance, 
which can be obtained of any philosophical instrument 
maker, may sometimes be conveniently used instead 
of the hydrometer. 

BOILING-POINT. 

The deteimination of the boiling-point of mineral 
spirit, which is a valuable means of identification, can 
be best carried out by the use of a globular flask, of 
about two fluid ounces capacity, with a tubular neck 
from the side of which a vapour-tube extends. The 
flask is half-filled with the sample, the neck is closnd 
by a cork carrying a thermometer, the bulb of which 
is just above the bottom of the flask, and the vapour- 
tube is connected with a condenser. Heat being 
applied, the temperatures are noted at which active 
ebullition begins, and at which the distillation of the 
sample is practically finished. 

In advising the railway companies on the construction 
of vessels suitable for the conveyance of petroleum spiiit, 
the authors found it necessary to devise a test by means 
of which the relative volatility of various products may 
be distinguished, from the point of view of the pressure 
which may be developed in a closed vessel on increase 
of temperature. The following is a description of the 
instrument which, after numerous experiments, was 
adopted for the purpose :* 

A thin glass tube, 6 inches long by 1 inch in diameter, 
is joined at its upper end to a short length of :J^-inch 
tubing and at its lower end to a long capillary tube 

* The makers of this instrument are Messrs. MUller and Co., 148 
High Holbom, W.O. 
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(l mm. bore), which is bent up in the form of a U-tube 
and is graduated in inches. 

The 1-inch tube is marked at a point near the bottom 
and again near the top, these two marks being in such 
a position that the space between them is 90 per cent, 
of the total space above the lower mark. 
The test is to be carried out as follows : 
Fit the short ^-inch glass tube with a piece of stout 
rubber tubing covering the whole of the glass tube and 
projecting about f inch above. Wire this firmly on in 
two or three places. Fix the apparatus upright ; pour 
in mercury up to the lower mark on the bulb ; draw a 
little air through the mercury into the bulb to ensure 
that the mercury column in the capillary tube is un- 
broken. Pour in the spirit to be tested until it is 
well up to the upper line. Place the apparatus verti- 
cally in a vessel of water cooled down to 50° F. When 
the spirit has attained this temperature add a little 
spirit, if necessary, to bring the level up to the upper 
mark, then fit a strong screw pinch -cock on to the 
rubber tubing close above the glass tube, and screw 
up very firmly. Remove the apparatus from the cold 
water, and place it in a vessel of water heated to 
lOO"* F., taking care that the level of the water is 
well above the top of the rubber tubing so that any 
leakage may be observed. Maintain the water at this 
temperature for half an hour, at the end of which time 
observe the height of the mercury column by the scale 
marked on the capillary tube. The height should not 
exceed 24 inches if the spirit is to be contained in the 
vessels recommended for the purpose. 

OTHER TESTS. 

For scientific, industrial, or commercial purposes 
many other tests are applied to petroleum, shale-oil, 
and coal-tar products. Crude petroleum is fractionally 

Digitized by VriOOQlC 



132 



HANDBOOK ON PETROLEUM. 



Fractional- 
distillation 
test. 



Colour. 

Burning 

quality. 

Trinity 
House 
specifica- 
tion. 



Viscosity 
test of 
lubricating 
oils. 



distilled in the laboratory with a view to learning what 
results it may be expected to yield in the refinery, and 
it is frequently necessary also to determine the chemical 
composition. The results of fractional distillation form 
the principal basis of valuation of coal-tar products. 
The colour and burning quality of kerosene and other 
burning oils are experimentally determined. The Trinity 
House contract conditions for mineral oil intended for 
use in lighthouse lamps specify that : 

(1) The mineral oil required to be supplied under this contract is 

to be of the best possible quality, the greatest care is to be 
taken in its preparation, and it must be perfectly free from 
sulphuric acid. 

(2) In all cases, whether the oil be petroleum or paraffin, its 

flashing-point is to be determined by using the apparatus 
described in Schedule 1 of the Petroleum Act of 1879. 
(8) If the oil be petroleum, its flashing-point is to be not lower 
than 125° F. (close test), aqd it is to distil between 302° 
and 572° F., the temperature of the vapour, not that of 
the liquid, being taken. 

(4) If the oil be paraffin, its specific gravity is to be not less than 

0-810, nor greater than 0-820, at 60° F. ; its flashing-point 
is to be not lower than 140° F. (close test), and it is to 
distil between 302° and 572° F., the temperature of the 
vapour, not that of the liquid, being taken. 

(5) The illuminating power of the oil supplied, whether petroleum 

or paraffin, is to be equal to that of the best colza oil when 
consumed in a Trinity House Argand lamp. 

For the distillation test about 250 grammes of the 
oil may be taken, the operation being conducted in an 
ordinary distillation flask, with the bulb of the thermo- 
meter midway between the shoulder of the flask and 
the lateral tube leading to the condenser. The upper 
part of the flask should be wrapped in asbestos cloth. 

In reporting upon lubricating oils, the colour (of 
" pale " oils) and viscosity are also recorded. The latter 
quality, which is a measure of lubricating value, is 
expressed in terms of the time occupied by the outflow 
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of a given quantity at a specified temperature from 
the orifice of a specially constructed apparatus, Red- 
wood's Viscometer being the standard instrument in Redwood's 
this country. Sometimes the lubricating power is also yi*come1er 
directly determined by testing the oil on a friction- 
testing machine, though the results thus obtained are Pricton 
usually of doubtful value. The "cold-test" of such *®®^- 
oils is also tested, this being the temperature at which "Coid-test." 
the sample, when slowly cooled, deposits solid hydro- 
carbons or ceases to flow. Occasionally the loss sus- Loss on 
tained by the oil on exposure in a capsule to an ** ^^^' 
elevated temperature ; the percentage of fixed oils Composi- 
present, or absence of such oils ; and the freedom from ^^^^' 
impurities, some of which may act injuriously upon Freedom 
metallic surfaces, or from substances added to give i^rjirities 
artificial viscosity ; have to be ascertained. The testing 
of paraffin is usually confined to the determination Paraffin 
of the " melting-point," as it is called, which is really **®^*"^- 
the setting-point, and the percentage of oil, water, 
and dirt present. Solar-oil distillate and American 
gas oil are subjected to tests prescribed in the Gas Qas-oii 
Companies' contract conditions. testing. 

It does not fall within the scope of this work to 
describe these additional tests in detail ; and for further 
particulars of them, as well as of the chemical examina- 
tion of petroleuni products, the reader is referred to 
the more comprehensive work to which allusion is made 
in the preface. 
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CHAPTER VII. 

LEGISLATION RELATING TO PETROLEUM (HISTORICAL). 

Act of 1862. The history of petroleum legislation in this country 
dates from 1862, in which year an "Act for the safe 
keeping of petroleum " was passed, and came into force 
three months later. In the first section of this Act, 
petroleum is defined in rather curious wording. The 
definition reads as follows : *' Petroleum for the pur- 
poses of this Act shall include any product thereof 
that gives off an inflammable vapour at a temperature 
of less than one hundred degrees of Fahrenheit's ther- 
mometer." It was intended to legislate only for the 
more volatile products, but the intention of the Act as 
expressed in its wording was undoubtedly to include 
all petroleum of whatever flash-point, and this inter- 
pretation has been upheld in a Court of Law.* 

Under this Act, vessels carrying petroleum on enter- 
ing a harbour were required to conform to the regula- 
tions of the harbour authorities in respect of the place 
of mooring. 

The Act of 1862 also provided that not more than 
40 gallons might be kept within 50 yards of a dwelling 
house or of a building in which goods were stored, 
except in pursuance of a licence from the local 
authority. 

The powers of search given by the Gunpowder Act 
of 1860 were incorporated in this Act, which also con- 
tained a provision that in England and Ireland one-half 
♦ Jones V. Cook, Law Reports, G Q. B, 505. 
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of any forfeiture or penalty should go to the informer, 
unless he were a servant of the person informed 
against. 

No means of testing the flash-point were laid down, 
and the temperature in the definition was taken by 
some to mean that of the *' fire- test" of the oil. In 
point of fact the Act was found to be unworkable, and 
though occasional prosecutions did take place, it may 
be said that practically it was wholly inoperative. 

In 1867 a Select Committee was appointed by the Select 
House of Commons to inquire into the then existing q°^* 
legislative provisions for the protection of life and 
property against fire. A great deal of evidence on the 
dangers of petroleum and the ineflficient character of 
the legislation was taken, and the Committee presented 
a report in which a number of recommendations were 
put forward. One of these recommendations was to 
the effect that no petroleum with a flash-point of less 
than 110° F. should be sold for illuminating purposes, 
the flash-point to be determined by an open test, 
detiuls of which were given. In this recommendation 
the Committee were following the lines of American 
legislation. In the United States a law had recently 
been passed prohibiting the sale of mineral oils below a 
fire- test of 110° F. for illuminating purposes, but such 
a prohibition is entirely contrary to the spirit of legis- 
lation in this country. An Englishman would very 
ra\ich resent being called upon to say for what purpose 
he was buying any particular article, and if asked by 
an oilman what he wanted petroleum for, he would 
probably suggest that the vendor should mind his own 
business.* 

* This difficulty was to some extent met in the Bill brought in 
in 1868 by providing that a person would be deemed to be selling 
petroleum spirit for illuminating purposes unless the vessel was 
labelled : '* The contents must on no account be used for lamps." 
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Obviously no total prohibition of the sale of petroleum 
below a certain standard could even be contemplated, 
inasmuch as mineral spirit is largely used in a variety 
of trades and by private persons for purposes of cleaning 
and as a solvent, to say nothing of its use in sponge- 
and flare-lamps, and more recently in motor-cars. 

In consequence of this Committee's recommendations, 
a Bill was introduced in the following year, laying down 
a flash-point of 110*" F. by the open test. Thereupon 
the Petroleum Association sent a deputation to the 
Home OflSce to urge that the flash-point should be 
fixed at 100** as before. In consequence of this the 
whole question was referred to a Committee, consisting 
of Sir Frederick Abel (then Mr. Abel), Professor John 
Attfield and Dr. Henry Letheby. 
Report of ^^ Juuo 4, 1868, this Committee made a report to 

the «« three the Home Secretaiy which afterwards became known as 
chemists." ^^^ ,, vei^ovt of the three chemists." While adhering to a 
flash-point of 100° F. as a safe limit, the three chemists 
proposed that the test should be carried out in an 
apparatus which they described, and which is known 
as the " open half-filled cup." This apparatus has been 
described in a previous chapter (p. 81). They also gave 
the results of some experiments with lamps, and proved 
that the production of an inflammable mixture in a 
lamp is not governed so much by the temperature of 
the oil as by the temperature of the metal work in 
contact with the wick, which temperature in the lamps 
experimented with rose as high as 113° F. They 
reported, however, that they did not consider it neces- 
sary to raise the legal flash-point above 100° F. 

Immediately after this report had been made, the 
petroleum trade were communicated with, and sub- 
mitted certain objections to the half-filled cup. 
Sir F. Abcrs The matter was accordingly referred back to Sir F. 
alteration. ^^^^ ^^10 Substituted for the half-filled cup a full cup 
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with a screen round it, and this was introduced into 
the Schedule of the Bill then before Parliament, which 
was recommitted on June 15, 1868. As to the exact 
diflTerence between the results of the two forms of 
apparatus there has been much divergence of opinion,* 
probably on account of the fact that both forms are 
capable of manipulation, and are liable to give diflTerent 
results in the hands of different operators. The ques- 
tion is not really of the importance which it has been 
sought to attach to it, inasmuch as the test of the 
three chemists never at any time became the legal 
test. 

In July 1868 the Act was passed. This amended Act of ises. 
the Act of 1862, and was intended to be read' as one 
with the latter. The definition of petroleum was am- 
plified, and was framed with the evident intention of 
restricting the application of the Act to petroleum 
below the specified flash-point, but the word '* include'' 
instead of the word " mean " still remained, so that it 
cannot be said with certainty that the heavier oils did 
not come legally within the scope of the Act. 

The flash-point was fixed at 100° F. as before, and 
the method of testing was specified in a Schedule to 
the Act. The method finally adopted was the open 
full-cup with a screen as proposed by Sir F. Abel. 
This must not be confounded with the Abel test. 

♦ Dr. Attfield before the Select Committee of 1872 (Q. 770) 
stated that if the efficiency of the test recommended by the three 
chemists was to be maintained, the screen must be five inches in ' 
height, implying presumably that with a screen of that height the 
full cap would give the same results as the half-filled cup, whereas 
before the Select Committee of 1896 (Q. 4628) he stated that the 
half -filled cup gave a similar result to the Abel, apparatus, t.6., 27° 
lower than the full cup. Again in a report quoted by Sir F. Abel 
before the latter Committee (Q. 7162) Dr. Attfield stated that the 
open cup with, a three-inch screen and a cover to the screen gives 
the same results as the half- filled cup. 
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In the Act of 1868, instead of a quantity not ex- 
ceeding 40 gallons being allowed to be kept without 
licence within 50 yards of a dwelling house or ware- 
house, no quantity was allowed to be so kept, except 
for private use, in which case apparently an unlimited 
amount might be kept anywhere. Under this Act all 
petroleum spirit sold or exposed for sale was required 
to bear a label with an elaborate inscription upon it* 

Provision was also made for the testing, by Inspectors 
of Weights and Measures, of petroleum kept for sale, 
with the curious anomaly that if the petroleum was 
found by the Inspector to be kept contrary to the pro- 
visions of the Act, the peraon so offending was liable 
to a penalty not exceeding five pounds, whereas by a 
preceding section a person keeping petroleum without 
a licence in contravention of the Act was liable to a 
penalty of twenty pounds a day. 
BiiiofiMg. In i\^Q following year a Bill was introduced into 
Parliament to repeal the previous Acts, and in this 
several new principles were embodied. The term 
"inflammable oil" was substituted for *' petroleum," 
and the definition was drawn so as clearly to exclude 
all oil above 100° F. flash-point (open-test). The Bill 
was made to apply also to nitro-glycerine, to which 
apparently the officer of the local authority was called 
upon to apply the flash- test. Had this measure become 
law, local authorities might have found considerable 
difficulty in filling the frequent vacancies which would 
inevitably have occurred. Fortunately the Bill did not 
become law. 

Nothing further appears to have been done until 
1871, when a fresh Act was passed repealing the two 
previous ones. When this Act was first introduced as 
a Bill, it contained a close-test with a flash-point of 
85"* F. ; but although it was generally admitted that 
this test was superior to that specified in the Act of 
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1868, there was a great difference of opinion as to the 
equivalent flash-point to be adopted for the close-test. 
The controversy on this point was so prolonged that 
though the Bill passed the Lords, the period of the 
Session was too late for the matter to be adjusted. 
Consequently the close-test was dropped, and the Bill 
was passed with the open- test as specified in the Act 
of 1868. 

The Act of 1871 was passed for one year only, with Actof 1871. 
the intention of legislating further in the ensuing 
Session. It was, however, renewed annually until 
1879, when it was made permanent, and is still in 
force, though the test has been modified. The details 
of this Act will be dealt with in the succeeding 
chapter. 

In 1872 a Bill was introduced into the Lords to Bin of 1872. 
substitute the close- test, it being by this time generally 
acknowledged that the open-test specified in the Acts 
of 1868 and 1871 was a very uncertain one. 

A flash- point of 85° F. was first adopted as the 
equivalent of 100° F. by the open test. The Bill was 
referred to a Select Committee of the House of Lords select 
with a view to determining whether this equivalent ^f^^^^^**^ 
was correct. This Committee collected a great deal of 
valuable evidence, and the question of flash-point was 
keenly fought before them. 

On July 5 they finally agreed on their report, which 
was to the effect that the close-test, with an alteration 
in detail, was much superior to the open-test. They 
considered that a flash-point of 100° F. by the open- 
test was suflSciently high to guarantee the safety of 
the public, and that the equivalent by the close-test 
should be 82°, not 85° as prescribed. The Bill, how- 
ever, was not brought down from the Lords until 
July 26, and it was then too late to make any further 
progress with it. 
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The subject of petroleum legislation was, shortly after 

this, taken up by the late Sir Vivian Majendie, who 

collected much information as to the working of the 

Act of 1871. 

Test revised In 1875 Sir F. Abel was asked to propose an improved 

t>v Sir P 1X1 

Abel. method of testing, and on August 26, 1876, he made a 

report in which the Abel close-test was first brought 
forward. A full description of this apparatus will be 
found in Appendix II. A vast number of comparisons 
between the new apparatus and the old open-test were 
made by different persons and with different samples 
of oil, with the result that the mean difference was 
found to be ^T F., that is to say, that an oil which 
would flash at 100'' F. in the apparatus specified by the 
Act of 1871 would give 73° F. in the Abel test. 

A flash-point of 73° F. was therefore fixed for the 
Abel apparatus ; but it must be distinctly understood 
that this does not imply that the standard was in any 
way lowered. 

Act of 1879. It was not until 1879 that the new test was at 
length adopted and made legal by an Act, which is 
still in force, being substituted for the test prescribed 
by the Act of 1871. The Act of 1879, beyond substi- 
tuting the new test and making the previous Act a 
permanent one, went no further in amending the law, 
although by this time it was seen that several amend- 
ments might with advantage be made. These, however, 
were reserved for future legislation. 

Hawking. One of the most important defects in the law was 

the absence of regulation in the case of hawkers. Some 
years before this (July 26, 1875), the Law Officers had 
given an opinion to the effect that the Act of 1871 
would not prevent the hawking of petroleum in any 
district without licence, if the petroleum was not kept 
in the same district; but on November 8, 1879, the 
Court of Queen's Bench decided in the case of Coleman 
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V. Groldsmith that petroleum could not be kept in a 
hawker s cart without licence, or, in other words, that 
a hawker's cart must be regarded as a place within the 
meaning of the Act. The previous decision had imposed 
a hardship on those who, having a fixed place of business, 
were obliged to take out a licence, while the peripatetic 
hawker was under no restri^.tion, and might therefore 
underaell the licensed vendor. The reversal of this 
decision, however, introduced fresh diflSculties. A 
hawker might ply his trade in half a dozen districts : 
to whom was he to apply for a licence, and what was 
he to do when the restrictions imposed in the different 
districts were not the same? It became necessary, 
therefore, to impose statutory rules to be complied 
with by all hawkers throughout the Kingdom, and 
at the same time to exempt their vehicles from the 
necessity of licence. In 1881 an Act was passed for Act of z88z. 
this purpose, and this Act being still in force will be 
dealt with in detail in the next chapter. 

The Act of 1881 dealt only with the hawker difficulty, 
and it wa(> not till 1883 that an attempt was made to 
remedy the other admitted defects of the existing 
legislation. In that year a comprehensive Bill was Bin of 1883. 
introduced into the House of Lords, which repealed all 
previous Acts and introduced a new system of dealing 
with the whole subject. 

This Bill being a very long one, and containing no 
less than fifty-seven clauses, it is impossible to do more 
than glance at its more salient features. These were 
as follows : — The Bill was made to apply to all petroleum 
defined as before, whatever its flash-point; but two 
classes were recognised and designated "high-test 
petroleum" and "low-test petroleum," the dividing 
line being fixed at a flash-point of 73° F. (Abel). 
Excepting for private use petroleum was to be kept 
only on premises registered with the local authority. 
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Statutory rules were laid down to be observed on such 
registered premises, these rules being, of course, much 
more stringent in the case of low-test petroleum. 

The place where the petroleum was kept was to be 
termed a " dep6t," and the quantities which might be 
kept were to be regulated by tlje distance at which the 
depot was situated from dwelling-houses, &c., the 
amount to be allowed in a dwelling-house being only 
50 gallons. In every case the amount of low- test 
petroleum was to be only one quarter of the total 
amount allowed. 

The Bill dealt with the conveyance of petroleum, 
and provided for the making of by-laws, not only by 
harbour authorities^ but also by railway and canal 
companies. The hawking of petroleum was dealt with, 
and the powers and duties of local authorities were 
amplified and extended. 

There was also a clause providing for inquiry on 
behalf of the Secretary of State into causes of accidents, 
together with a number of miscellaneous clauses not 
contained in previous legislation. 

The description of the testing apparatus, printed as 
a Schedule in the Bill, was copied from that contained 
in the Act of 1879; but another Schedule had been 
prepared in which the description differed in certain 
minor details, and this was considered to represent the 
actual apparatus somewhat more exactly. 
Select The Bill was referred to a Select Committee of the 

of°i8^"*** House of Lords, who, having heard a great deal of 
evidence and a number of objections urged against the 
Bill, reported that they did not consider it expedient 
that it should be proceeded with, but that the 
evidence they had taken would enable a fresh Bill to 
be prepared for the ensuing Session. The Bill was 
accordingly dropped. 

Shortly after this, the late Sir Vivian Majendie, in 



Digitized by 



Google 



LEGISLATION RELATING TO PETROLEUM. 14S 

company with one of the authors, then Secretary of the 
Petroleum Association, commenced a tour of inspection 
and inquiry in the United Kingdom and on the Conti- 
nent, in the course of which a large number of places 
were visited. 

In 1884 a draft Bill was in course of preparation, 
but did not reach the stage of being introduced into 
Parliament. In that year numerous conferences were 
held between the late Sir Vivian Majendie and the 
trade. 

In 1886 the tour of inspection was extended to 
Canada and the United States, and towards the end 
of the following year the preparation of another Bill 
was in progress. 

In the early part of 1888 more conferences were held, 
a large and influential committee, representing all 
branches of the trade, having been called together by 
the Petroleum Association. No opportunity for intro- 
ducing the new Bill occurred in the two succeeding 
years, and it was not until February 9, 1891, that the BiUofiSgi. 
measure was read for the first time in the House of 
Commons. An extensive memorandum on this Bill 
was prepared by the Home Office, and issued to both 
Houses of Parliament. Thereupon the Petroleum 
Defence Committee issued a report criticising the 
statements in this memorandum, evidently with a view 
to showing that such legislation was unnecessary. 

The Bill of 1891, like so many of its predecessors, 
died a natural death. It did not, in fact, reach a second 
reading. In general it fo'lowed the lines of the Bill 
of 1883, but it was made to applj^ not only to petroleum, 
as previously defined, but to liquid mixtures of petroleum 
with other substances, and to bisulpliide of carbon also. 

It was termed the Inflammable Liquids BiU. Such 
inflammable liquids as have a specific gravity exceeding 
rOOO, and a flash-point over 150** F. (Abel), were 
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excluded. The terms " mineral oil " and *' mineral 
spirit" were substituted for "high-test" and "low- 
test" petroleum, the dividing line being, as before, a 
flash-point of 73° F. (Abel). Mineral spirit in quantity- 
above three gallons was only to be kept under licence, 
but mineral oil, with an exemption of sixty gallons, 
might be kept either under licence or under registra- 
tion ; the rules to be observed and the quantities to be 
kept in the latter case being laid down in the Bill. 

A table regulating the relation between quantity 
kept and distance from protected works appeared as a 
Schedule. In the case of licences, certain general rules 
to be observed were laid down, but power was given 
to the local authority to impose additional conditions; 
The Bill also contained a sort of instruction to local 
authorities not to be too hard on places which had 
been licensed under the Act of 1871, in cases where 
such places did not strictly conform with the new 
requirements. The expressions "depot" and "tank 
dep6t" were rigidly defined, the definitions in the 
former case being framed so as to provide aj^ainst 
outflow, while the tank forming a tank-dep6t was to 
be constructed in accordance with a specification laid 
down by the Secretary of State. 

The Schedule containing the description and instruc- 
tions for use of the testing apparatus was fuller and 
more accurate than in the Act of 1879, and a table of 
corrections for barometric pressure was added. 

The remainder of the Bill was on the same lines as 
that of 1883, but it was even longer and more elaborate 
than the latter, and contained in all seventy one 
clauses. 
Plash-point Up to this time there had been no suggestion that 
agiution. ^Y^^ standard should be altered, but in 1892 the Scottish 
oil producers commenced an agitation with a view to 
inducing the Government to raise the flash-point. 
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According to the evidence given by the general 
manager of one of the Scottish Oil Companies, before 
the Select Committee of 1894, action had not been 
previously taken in this direction owing to the exist- 
ence of an understanding between the Scottish and 
American trades, by which the latter undertook to 
keep down the production of paraffin wax, on condi- 
tion that the question of altering the standard of flash- 
point in this country was not raised. "**" 

In 1894 a Select Committee of the House of Commons Select 
was appointed, and after having taken a certain amount of^Is^^to*** 
of evidence, recommended that the Committee should 1898 
be re-appointed. In 1896 this was done, and the 
Committee which sat during that year and was again 
re-appointed in the following year, made their report 
in 1898. 

It is impossible within the limits of this chapter to 
do more than glance at the immense amount of evidence 
collected by these Committees, though this evidence 
has been extensively made use of in other parts of this 
volume. 

The statements of several of the witnesses were 
directed to showing the deficiencies in the existing law 
in regard to petroleum, and much valuable evidence on 
this point was supplied by the late Sir Vivian Majendie, 
who also furnished records of accidents which have 
occurred. The necessity of legislating for petroleum 
above the legal flash-point was very fully considered, 
as also the form which such legislation should take. 

One group of witnesses sought to prove by their 
evidence that accidents would be largely or entirely 
prevented by the simple expedient of raising the flash- 
point to 100° F. (Abel). 

The question of defects in the construction of lamps 
was entered into very fully, and some witnesses attri- 
^ Select Gomuiittee 1894. Questiou 597 et aeq, 
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buted the majority of lamp accidents to these defects. 
Representatives of the lamp trades were heard, and 
some of them admitted that the construction of lamps 
should be improved. The views of municipal authorities 
were heard, as also those of the coroners of England. 
In general it maybe said that the evidence represented 
almost every interest concerned. It need hardly be 
said, therefore, that the most conflicting opinions were 



Had the Committee been able to present a unanimous 
Report, such Report would have been of immense value, 
and would have cleared up the whole question once for 
all. However, so fiir from the Report being a unani- 
mous one, the Committee were almost equally divided 
for and against every recommendation. Indeed, whether 
any paiticular recommendation was put forward or not 
appears to have depended almost entirely on the number 
of members who happened to be present. As a cx)nse- 
quence of this the Report contains contradictions, and 
is of very little value or guidance to the Government 
in framing fresh legislation. 

In one part of the Report the Committee recommend 
that the flash-point should be raised to 100° F. (Abel), 
while in another they report strongly against such a 
measure. They recommend legislation based on the 
lines of the Bill of 1891 in regard to all oils, and statu- 
tory powers to be given to the Secretary of State to 
make regulations as to the manufacture and sale of 
lamps. They further suggest that steps should be 
taken to spread information among the public as to 
the nature of petroleum and the management of 
lamps. 
Mr. ReckitVs I^^ the following Session a private Bill was introduced 
^*"- by Mr. Reckitt, a member of the Committee, to raise 

the legal flash-point to 100° F. (Abel). This Bill was 
rejected on its second reading by a large majority in a 
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full House. The amount of " lobbying " which had 
taken place on this occasion was such as to induce 
Mr. Healy, in a humorous speech, to express wonder 
whether " all this was pure philanthropy." 

Meanwhile a Government Bill had been prepared 
in which an attempt was made to meet some of the 
more prominent requirements, but as yet there has 
been no opportunity of introducing it. 

This brings the somewhat remarkable history of 
petroleum legislation up to the present date. In the 
main, it is a history of laborious attempt and dis- 
couraging failure. Committee after Committee have 
sat ; volumes of evidence have been given and recorded ; 
Bill after Bill has been prepared, only to be thrown 
aside ; so that truly it may be said that, in the number 
of its failures, petroleum legislation rivals the Bill for 
legalising marriage with a deceased wife's sister. 
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CHAPTER VIII. 

EXISTING LEGISLATION RELATING TO PETROLEUM 

Petroleum The law in regard to petroleum in force at the present 

Acts, 1871 to tjjjj^ ig contained in the Petroleum Acts of 1871, 1879, 

1881. , ' ' 

and 1881. For convenience of reference these Acts, 

together with some explanatory notes, have been printed 
in Appendix 11. , the Act of 1879 being incorporated 
with that of 1871. In the existing legislation there 
is no prohibition of the importation, keeping, sale, or 
use of any particular description of petroleum, nor, 
with one exception, is there any restriction whatever 
which applies to mineral oils — i.e., petroleum above 
the legal flash-point. The Acts merely impose certain 
restrictions on the importation, storage, and sale of 
petroleum spirit flashing below 73'' F. (Abel). The 
fact that oils sold for use in ordinary lamps are always 
above this flash-point, has led some persons to suppose 
Petroleum that the Sale of petroleum spirit for this purpose is 
spirit not prohibited by law, whereas in reality this is only an 
for use in incidental effect. At the present time there is little 
lamps. difference in price between oil and spirit, so that 

naturally the majority of traders stock only such oils 
as they are able to keep and sell without restriction. 
It is not impossible, however, that at some future time, 
owing either to alteration in the law or to other cir- 
cumstances, this condition of things might be largely 
modified. 

If, for instance, it were found that either a better 
or much cheaper illuminant could be produced below 
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the legal flash-point, the demand for this would probably 
necessitate its supplj-, and both dealers and users might 
either subnnt to, or attempt to evade, restrictions in 
order to obtain a form of petroleum better suited to 
their needs. At the present time, however, petroleum 
spirit, though largely used for manufacturing and other 
purposes, is not in great demand as an illuminant ; and 
the number of places licensed for its keeping throughout 
the kingdom is not very large. 

The scope of the Acts of 1871 and 1879 may be Scope of 
briefly described as follows : fnTisJg ^^' 

(1) To define petroleum, and to make the law applic- 
able only to petroleum spirit having a flash-point 
below 73' F. (Abel). (1871, Sect. 2; and 1879, 
Sect. 2.) 

(2) To lay down a detailed system of testing, and to 
provide for the verification of the test apparatus. (1879, 
^ect. 2 and 3, and First Schedule.) 

(3) To provide for the making of harbour by-laws 
governing the berthing of ships carrying petroleum 
spirit and the landing of their cargoes, and to provide 
for notice being given to the harbour authority on the 
entry of such ships into a harbour. (1871, Sects. 4 and 5.) 

(4) To provide for the marking of vessels containing 
petroleum spirit. (1871, Sect. 6.) 

(5) To require that, with the exception of a quantity 
not exceeding three gallons when kept in a prescribed 
manner, no petroleum spirit may be kept without a 
licence from the local authority. (1871, Sect. 7.) 

(6) To specify the local authorities throughout the 
Kingdom. (1871, Sect. 8.) 

(7) To provide for the method of granting, and the 
scope of, licences for keeping petroleum spirit. (1871, 
Sect. 9.) 

(8) To provide a right of appeal in cases where the 
grant of a licence is refused by the local authority. 
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or where an applicant is dissatisfied with the conditions 
imposed. (1871, Sect. 10.) 

(9) To provide for the sampling, testing, and inspection 
of petroleum on dealers' premises. (1871, Sect. 11.) 
• (10) To provide a penalty for refusing to show petro- 
leum, or for obstructing the officer of the local authority 
in the case of dealers. (1871, Sect. 12.) 

(11) To provide means of search for, and seizure of, 
petroleum spirit in respect of which there is believed 
to be a breach of the law. (1871, Sect. 13.) 

(12) To enable other substances to be brought within 
the scope of the Acts by Order in Council. (1871, 
Sect. 14.) 

(13) To provide for the prosecution of offenders and 
the recovery of penalties. (1871, Sect. 15.) 

(14) To provide for the reservation of previous powers 
with respect to inflammable substances, and for the 
repeal of previous Acts. (1871, Sects. 16 and 17.) 

The detailed precautions to be taken in bringing 
petroleum spirit into the country, or in its storage, are 
not contained in the Acts themselves, but are to be 
enjoined by harbour by-laws or by the terms of 
licences granted by local authorities. Consequently 
these vary considerably in different places In order 
Harbour to assist harbour authorities in framing by-laws in 
by-laws. ^j^^ future, the Explosives Department of the Home 
Office have recently, at the instance of the Board of 
Trade, prepared a Model Code, which will be found in 
Appendix V. This Code is, of course, in no way 
binding, and may be varied in accordance with local 
conditions or the requirements of any particular harbour. 
Forms of In Appendix VI. will be found the forms of licence 

which are used by the London County Council to cover 
the various conditions under which petroleum is allowed 
to be kept in the Metropolis. These, again, are in no 
way binding on other local authorities, but may be of 



licence. 
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assistance to those who have not already adopted a 
suitable form of licence. The London County Council 
have also issued, for the guidance of persons concerned, 
an abstract of the Petroleum Acts. 

After the passing of the Act of 1879, the Standards Verification 
Office of the Board of Trade issued regulations as to ^ng^rumfnt. 
the construction and verification of the apparatus for 
testing petroleum. These regulations will be found in 
Appendix VII., and a diagram of the instrument will 
be found in Plate II., Appendix 11. 

Two Orders in Council (Appendix XII.) have been Carbide ot 
made under Section 14 of the Act of 1871. The first ''*^"''"'- 
of these brings carbide of calcium within the provisions 
of the Act, and the second exempts small quantities of 
this substance from the necessity of licence. These 
Orders will be referred to at greater length in * 
chap. xi. 

The Petroleum (Hawkers) Act, 1881, deals only Scope of Act 
with the hawking of petroleum spirit. This Act will °^ *^^*' 
be found printed in full in Appendix IV. Its scope is 
as follows : 

(1) To enable any person licensed under the Act of 
1871 to hawk petroleum. (Sect. 1.) 

(2) To provide that petroleum oil while in any carriage 
used for the hawking of petroleum spirit shall be deemed 
to be petroleum to which the Petroleum Act applies, 
and shall therefore be subject to the same regulations. 
(Sect. 2.) 

(This is the only restriction on petroleum oil which 
exists under present legislation, unless indeed there 
are any local Acts bearing on the subject.) 

(3) To provide detailed regulations in regard to such 
hawking. (Sect. 2.) 

(4) To provide for seizure of petroleum without warrant 
in a case where there is cause to believe that an offence 
against this Act is being l3ommitted. (Sect. 4.) 
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(5) To prevent the hawking of petroleum in any 
borough where such hawking has by lawful authority 
been forbidden. (Sect, 5.) 
Defects in Although undoubtedly the Petroleum Act of 1871 
leguia^on. ^^® many defects, the fact that it has remained upon 
the Statute Book — amended, it is true, by the two 
subsequent Acta — for thirty years may be regarded as 
a proof that it is by no means unworkable. Nor has 
it in any sense become a dead letter, though it must 
be admitted that in many places its administration 
leaves much to be desired. It has, at any rate, the 
merit of comparative simplicity, and the questions 
which have arisen in regard to its interpretation and 
effect have not been numerous. 

It may not be out of place to discuss some of the 
defects, both real and alleged, whioh pertain to existing 
legislation, as well as proposals which have been made 
for their remedy. 

The present Acts do not in any way control the 
keeping of petroleum oils, and various representations 
have been made to the Government in favour of sub- 
jecting such oils to legislative restriction. To meet 
this defect it has been proposed to adopt a system of 
registration of places where petroleum oil up to a flash- 
point of 150° F. (Abel) is kept. 

This would not interfere with the right of any person 
to keep such oil so long as he observes certain statutory 
precautions ; whilst in the event of his having a diffi- 
culty in observing these precautions, it was intended 
that he should still have the alternative of applying 
for licence to the local authority. On the other hand, it 
has been urged that if the legal flash-point were raised 
to 100° F. (Abel), it would be safe to exclude any oil 
flashing above that temperature from all restriction. 

A minor defect is that the method of testing 
described in the Schedule to the Act of 1879 makes no 
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allowance for valuations in barometric pressure, and 
that in other respects the Schedule is capable of 
improvement. In the Bill of 1891 a Schedule was 
inserted providing for an improved testing apparatus 
known as the Abel-Pensky,* in which there is a clock- 
work arrangement for applying the igniting flame. 
This Schedule also contained a Table of Corrections of 
flash-point for variations in barometric pressure. These 
corrections, which are given in Appendix VIII., have 
not yet been sanctioned by law, but it might be well 
for inspectors, in cases where petroleum of a flash-point 
but slightly below the legal standard is found to be 
kept, to refer to this table and ascertain whether, if 
the observed flash-point were corrected, the keeping 
would still be illegal or not, and use discretion as to 
the institution of proceedings accordingly. 

Another defect is the very limited scope of the 
powers conferred on the harbour authorities in regard 
to by-laws. These powers do not directly include the 
regulation of the shipment of petroleum, or the enforcing 
of precautions on board the ship previous to landing 
the petroleum, or on a wharf after the petroleum is 
landed. It is doubtful even if all the by-laws in the 
suggested Model Code are strictly within the four 
comers of the Act, though it is probable that any 
Court of Law would hold that they are sufficiently 
within the intention of the Act to give them legal 
validity. 

The absence of powers enabling railway and canal 
companies to make by-laws, and the omission of all 
restriction on the conveyance of petroleum spirit, is 
regarded as another defect in the law. But it must be 
remembered that, as railway and canal companies 
are not common carriers of dangerous goods, it is open 

* For a description of this instrument (Oapt. Thomson's petroleum 
spirit tester), see chap vi. 
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to thero to impose such restrictions as will ensure 
safety, and that it is wholly to their advantage to 
do so. 

The railway companies have, through their Clearing 
House, done a good deal in this direction, and quite 
recently they have consulted the Authors with a view 
to putting the whole question of the nature of vessels 
of all sizes for conveyance of petroleum spirit, including 
tank-waggons, on a more satisfactory footing. 

Various experiments and tests of the smaller vessels 
have been cariied out, and specifications of these and 
of tank-waggons have been recommended. These 
specifications will probably find a place in the publica- 
tion* in which the railway companies specify their 
conditions for the carriage of goods classified as 
dangerous substances. As a matter of fact, serious 
accidents in the inland conveyance of petroleum have 
not been frequent, and it cannot be said that there is 
any urgent necessity for the amendment of the law in 
this direction. 

Another defect in existing legislation is the absence 
of any definite regulations of universal application to 
the keeping of petroleum, and indeed of any indication 
as to the character of the precautions which should be 
taken, this being a matter left entirely to the discretion 
of the local authority. 

The Acts are also defective in their provisions as to 
local control. They contain no obligation on the local 
authority to enforce the law or to appoint officers for 
the purpose. 

The excessive decentralisation which puts in the 
hands of district councils throughout the Kingdom 
the administration of such technical legislation cannot 
but militate against the attainment of the object in 
view. In many cases it is impossible for these bodies 
* Geneiul Railway Classification of Goods. 
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to find any person with sufficient technical knowledge 
to advise them, or to act as their officer in enforcing 
the provisions of the Acts. Nor are the present local 
authorities always fitted for the duty, inasmuch as 
their members are frequently interested parties and 
licensees under the Act, 

Even where there is every desire to carry the Acts 
into efiect and where a zealous and efficient officer has 
been appointed, difficulties are met with in the 
inadequate powers of inspection, search and sampling, 
particularly in the case of petroleum kept by persons 
who are not dealers. As an example, a recent case 
may be quoted in which an accident occurred with 
carbide of calcium on unlicensed premises. The officer 
of the local authority, wishing to inspect the place, 
found that in order to obtain the necessary search 
warrant, he would have to wait some weeks, until 
the next sitting of the bench of magistrates. 

The absence of any provision for Government control 
and general supervision of the working of the Acts is 
undoubtedly also a defect. Under existing legislation 
there is no Government department having statutory 
powers under the Acts, nor has any Government officer 
a legal right of entry. 

Other defects are the absence of a statutory require- 
ment as to the reporting of accidents, and the want of 
provision for inquiry into those which are of a serious 
character. 

The majority of the above defects, as well as many Possibility 
others of less importance which have from time to time °Jri^ia[fon 
made themselves felt, will no doubt in time be remedied 
by fresh legislation of a comprehensive character ; but 
it must be evident that at the present time, at any 
rate, the whole question has been so obscured by trade 
interests, and by prejudices which have been fostered 
thereby, that the Government would meet with the 
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greatest diflficulty in passing even the most reasonable 

and moderate amendments of the law. 

Exemption One further enactment bearing on petroleum should 

spiru for^^" be mentioned. When the Locomotives on Highways 

light Act, 1896, was under consideration, it was represented 

that, as many light locomotives would require for their 

use petroleum spirit, some relaxation of the law in 

regard to the keeping of such petroleum for this 

purpose might with advantage be made. 

Consequently a provision was mad<^ in this Act for 
the Secretary of State to issue regulations under 
which petroleum spirit may be kept for use in light 
locomotives without licence from the local authority. 
An Order was made under this section on November 3, 
1896, and this was superseded by an Order dated 
April 26, 1900. The latter is now in force, and will be 
found in Appendix IX. 
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CHAPTER IX. 

PRECAUTIONS NECESSARY FOR PETROLEUM. 

In the previous chapter it has been pointed out that the Compara- 
law in this country in no way deals with petroleum oil |j*^*.j ^1^^ 
— that is, with petroleum having a flash-point not below spirit. 
TS*' F. (Abel). It must not be inferred from this that 
such petroleum is absolutely safe, and that precautions 
are therefore wholly unnecessary. The main difference 
between petroleum spirit and petroleum oil is that, 
whereas the former, as usually met with in this country, 
gives off vapour copiously at any ordinary temperature 
and is readily inflammable when brought in contact 
with a flame, petroleum oil gives off vapour sparingly, 
and does not take fire at ordinary temperatures unless 
it is absorbed in some material capable of acting as a 
wick. But when an ignition has taken place, the 
dangers are much the same whether oil or spirit is 
involved. Where oil and spirit are kept together, 
therefore, the whole should be regarded as though it 
were petroleum spirit. 

The precautions which it is necessary to observe may 
be divided into two classes — viz., those for prevention 
of ignition, and those for minimising the efiect of a 
conflagration should it occur. 

The most obvious precaution for the prevention of Danger 
ignition is to prohibit the bringing of a naked light [[gS.***^*** 
into dangerous proximity to the petroleum ; but the 
question at once arises as to how dangerous proximity 
may be defined, and this will of course depend on 
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whether any petroleum spirit is present and also on 
the nature of the surroundings. The vapour from 
spirit, being heavier than air, has a tendency to flow, 
and an ignition may therefore take place at some 
distance from the bulk of the petroleum. This was 
well illustrated by an accident which occurred on 
December 22, 1882, at Exeter, when a rock-hewn 
store which had been shut up for some time, was opened 
in the early morning by a man who had previously 
placed his lantern on the ground at a distance of 
53 feet from the entrance. The vapour travelled to 
the lantern and ignited, causing an explosion which 
was followed by a disastrous fire. 

In a room where petroleum spirit is employed for the 
purpose of a trade or manufacture, it is not sufficient 
merely to provide that there shall be no naked light in 
the immediate vicinity of the spirit, but a fire or any 
light capable of igniting vapour should be excluded 
from the room altogether. With oil the danger of 
vapour ignition is much less, but is not entirely absent, 
as is shown by explosions which have occurred, notably 
one on May 17, 1884, on the British barque A. Goudeyy 
and another at Harburg, near Hamburg, on May 31, 
1895, where a tank containing oil was exploded by 
lightning. These, as well as several other explosions in 
America, were due to the vapour of oil and not spirit ; 
but in each case the explosive mixture of vapour and air 
had formed in a tank or confined space, and the ignition 
took place at the tank and not at any distance away. 
In general, therefore, in the case of oil a naked light 
should not be taken into the immediate vicinity of the 
tank or vessel containing the oil, while in the case of 
spirit such light should never be taken into the building 
in which the petroleum is kept, or even into its vicinity, 
at any rate when the door is open. A store for 
petroleum spirit should only be entered during daylight. 
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or with some form of artificial light incapable of igniting 
vapour. For this purpose a Miners' Safety Lamp, or a 
special form of lamp constructed on the same principle, 
is sometimes used. 

Where a building in which spirit is used or stored Lighting of 
is lighted by incandescent electric light,*' special pre- *^^"* stores. 
Cautions should be taken in regard to the wiring and 
fittings, in addition to the regulations enjoined by the 
insurance companies. All switches and fuses should 
be outside the building, or should be enclosed in safety 
cases of metal or gauze. The wires should be led 
through metal pipes connected to earth, or should be 
protected by casing. No current- bearing part should 
be exposed — that is to say, all metal in contact with the 
source of electric supply should be either well coated 
with insulating material, or else entirely closed in a 
globe or metal case. 

The Wenham Lamp Company haye, at the sugges- 
tion of one of the authors, designed a gas lamp for the 
lighting of such buildings, which is so constructed that 
the air supply is brought in from the outside, and vapour 
cannot come into contact with the flame. 

Some persons appear to consider that an ordinary 
closed lantern affords sufficient protection, but this is 
not the case. Unless a lamp is fitted with a- properly 
constructed gauze covering to all apertures, it cannot 
with safety be taken into a building in which petroleum 
spirit is present. 

The readinees with which petroleum vapour can be Electric 
ignited by even a very small electric spark, has been ®p*'^' 
shown by several accidents in factories where fabrics 
are treated with petroleum spirit for the purpose of 
cleaning or waterproofing. 

In such cases the spark from the electric charge 
which had accumulated on the cloth was sufficient to 
* The arc light could not, of course, be safely used. 
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ignite the vapour. An accident of this description 
occurred on December 14, 1893, at Bradford, in a 
process for waterproofing cloth by treatment with 
paraffin wax dissolved in petroleum spirit. On this 
occasion the question of the prevention of such acci- 
dents in future received a good deal of attention. 
Probably it would be impossible entirely to guard 
against this danger, but the chance of accident may 
be much reduced by artificial ventilation and by fitung 
fine wire brushes or series of needle points in close 
proximity to the cloth so as to remove the electricity 
by silent discharge. 

Lightning. Every large tank, whether for oil or spirit, should be 
fitted with an efficient lightning-conductor, and it 
would be well if all petroleum stores were similarly 
protected. The number of serious fires and explosions 
of petroleum tanks, which have been caused by light- 
ning in various parts of the world, is considerable, 
though fortunately in this country there has been 
comparative immunity from accidents of this descrip- 
tion. 

Leakage. I* is most important at all times to guard against 

any leakage of petroleum, whether in conveyance, 
storage, or use. The neglect of this precaution has 
been a fruitful source of accident in the past. Thus at 
Mexboro' on May 13, 1881, oil stored in a yard had 
been allowed to leak into a cellar, where sufficient 
vapour accumulated to cause an explosion on a light 
being brought into the place. Again, the danger of 
allowing petroleum to leak or escape into the sewers 
has been illustrated by numerous accidents of a formid- 
able character. For instance, on May 5, 1884, the 
roadway at Newport, Monmouthshire, was torn up by 
an explosion in the sewers due to a quantity of benzo- 
line having been allowed to escape from a barrel in a 
shop. All taps for petroleum should be fitted with 
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drip-pans to catch any drip or leakage which may 
occur. 

Every vessel, of whatever size, containing petroleum, Tanks and 
whether oil or spirit, should have a cover. In the case covereV^^* 
of large tanks the cover may take the form of an air- 
tight lid or top, having no opening except a ventilating 
hole which should be covered with fine wire gauze. 
Petroleum in barrels should invariably be under a roof 
of uninflammable material. The fire which occurred 
at Broxburn on August 19, 1887, is an illustration of 
the danger of the contents of an oil-tank, the cover of 
which is imperfectly closed, being ignited by a spark 
from a chimney. 

The necessity for a cover applies with equal force in 
the case of smaller vessels inside a building, as is shown 
by an accident at Hackney on June 17, 1896, where 
oil, which was being kept in open pails, became ignited, 
and a serious conflagration was caused. 

It is highly desirable that precautions should be Danger from 
taken to prevent children and unauthorised persons V^^^? 
from having access to petroleum, or even to barrels in 
which it has been contained. Numerous explosions 
have been caused by mischievous boys applying lighted 
matches to the bung-holes of empty petroleum spirit 
barrels, which generally contain vapour and are always 
highly inflammable. Such barrels as well as all other inflammable 
material of an inflammable character should be kept as *»**«"*^ 
far distant as possible fi:om the place where petroleum 
is stored. The fatal fire which occurred in Lambeth 
on Januaiy 26, 1893, was caused by the ignition of a 
quantity of inflammable rubbish which had been 
allowed to accumulate near a leaky oil-barrel. 

A fruitful source of accident, both in this country Pouring 
and abroad, is the foolish practice of pouring petroleum petroleum 
on a fire to make it burn up. This is frequently done 
with impunity, but the risk is never absent, and persons 
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indulging in the practice are liable at any time to meet 
with a painful death. 
Quick- Special precautions to prevent ignition of vapour 

paims should be taken in using the so-called quick-drying 

paints or paint-driers which usually contain petroleum 
spirit. Where these paints are used in a confined 
space, the conditions are highly favourable for the 
formation of an explosive atmosphere. The loss of 
H.M.S. Doterel in the Straits of Magellan on 
April 26, 1881, was due to an explosion of vapour 
from one of these paint-driers, known as Xerotine 
Siccative. The above are the more important precau- 
tions for the prevention of ignition ; it remauis to deal 
with those for minimising the effects of an ignition 
should one occur. 
Ventilation. Every store in which petroleum spirit is kept in 
tanks should be thoroughly ventilated. This is not 
feasible where the spirit is kept in barrels, as it is 
found by experience that the effect of ventilation is to 
shrink the wood of the barrels and thus to increase the 
amount of leakage. 
Sand for In every petroleum store, or in any shop where oil 

ing fife **^ is kept, there should always be a quantity of sand in a 
large bucket or coal-scuttle, ready for thi'owing on to 
any petroleum which may be spilt and ignited on the 
floor. In this way a fire may be extinguished in its 
initial stage. It must be remembered that water is 
useless for this purpose, as the oil will float and 
continue to burn on the surface. lii the case of 
petroleum being spilt and ignited in a room, or on the 
clothes of a person, the flames should be at once 
enveloped in a hearth-rug or woollen table-cloth. 
Metal tanks. The safcst description of vessel for containing 
petroleum, either in storage or conveyance, is un- 
doubtedly a metal tank. It would be beyond the 
scope of this volume to enter into details of the 
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construction of tank-steamers or of tank- waggons for 
road or rail (though some particulars are given in 
chap, iv.) ; but specifications for storage-tanks, which 
it was proposed to prescribe by law, may be of assist- 
ance to local authorities in determining the suitability 
for licence of a proposed store for petroleum spirit. 
These specifications are given in Appendix X. Every 
tank, if not provided with a gauze-covered air-hole, 
should be fitted with some form of safety-valve to 
prevent its being burst by internal pressure when 
heated by a conflagration. In the disastrous fire 
which occurred at Walker Gate on January 29, 1898, 
eleven persons lost their lives and many more sustained 
injury owing to the bursting of a creosote tank made 
from an old boiler, which had become heated by the 
flames. 

The most important precaution for minimising the Precautions 
effect of a fire is to prevent the outflow of the burning *utflo^ 
liquid. Thus every overground tank, every store for 
petroleum in barrels, and in fact every vessel containing 
petroleum oil or spirit, should be placed in such a 
position, or should be so siu'rounded with walls of 
masonry or earth, or with trenches, that under no 
circumstances can the liquid escape, even if the 
containing vessel gives way altogether. The capacity 
of the space formed by the surrounding wall, or of the 
trench, should be made sufficient to hold the contents 
of all the tanks or barrels which it surrounds. The 
effects of many of the largest petroleum fires have 
been aggravated by the outflow of the burning liquid 
into sewers, streets, or harbours, often with disastrous 
results. Thus in the accident at Exeter previously 
quoted, the burning petroleum flowed over the surface 
of the river and set fire to a vessel, which was com- 
pletely destroyed. In December 1881, at Bristol, an 
oil-store took fire, and the burning oil ran down into 
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the sewers, causing great damage. Again, at Anderston 
Quay, Glasgow, on January 16, 1897, quantities of 
burning oil escaped and ran down the streets, damaging 
buildings and property. Underground tanks are the 
safest in this respect, as escape of the oil cannot occur, 
unless it is displaced by water intended to extinguish 
the fire, as was the case in an accident which occurred 
at Netting Hill on March 5, 1890. But where under- 
ground tanks are installed, the greatest care must be 
taken to prevent the oil percolating through the soil 
to a sewer or to some building, in the event of a leak 
occumng; and, whereas leakage from an overground 
tank is readily observed, it is difficult to detect escape 
where the tank is sunk in the ground. 
Quantity in The quantity of petroleum which should be kept in 
any one store should depend on the method of keeping, 
and on the distances from " protected works." In the 
Inflammable Liquids Bill, 1891, "protected works" were 
defined as buildings in which persons dwell or assemble, 
docks, wharves, timber-yards, other petroleum stores, 
and any other place which the local authority might 
require to be so treated. In Appendix XVI. will be 
found a notice of the distances which should be main- 
tained whenever possible for various quantities and 
methods of keeping. Where petroleum is kept in a 
house it should never be stored in such a situation as, 
in case of fire, to prevent the escape of persons in the 
building. Three persons were burnt to death in the 
accident at Lambeth quoted above, their escape having 
been cut off by the burning oil, which was stored 
underneath the staircase. In general, the oil should 
be placed in the basement or outside the house, and in 
the case of shops it should be drawn to the place where 
it is wanted by a pump connected with the tank or 
barrel by means of a lead pipe. 

Petroleum should never be kept or conveyed with 
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any explosive. It was the neglect of this rather obvious Petroleum 
precaution which led to the disastrous explosion on the ke\*or**^ 
Regent's Park Canal on October 2, 1874. In that conveyed 
instance gunpowder and petroleum spirit were being ^'^logi^gg 
conveyed in the same barge, and the vapour from the 
spirit found its way into the cabin where a fire was 
burning. The keeping of petroleum near explosives is 
prohibited by the Explosives Act, but notwithstanding 
this, it sometimes happens that a person ignorantly 
stores the two substances together, under the mistaken 
belief that in dealing with two dangerous things it is 
better to consolidate the risk. 

The precautions which have been enumerated refer Precautions 
mainly to the storage of petroleum ; but many of them ^y^nce 
apply with equal force to conveyance. Thus the 
dangers of ignition and of leakage are as great, or even 
greater, when petroleum is being conveyed as when it 
is being kept in a place of storage. Until recently, 
accidents in the conveyance of petroleum by sea have 
been both serious and numerous ; but it is to be hoped 
that as the proper construction of ships for this purpose 
is now better understood, and more rigorous attention 
is paid to harbour by-laws, accidents of this class will 
become less frequent. It has been pointed out in a 
previous chapter that harbour authorities have no 
power to make by-laws governing the shipment of 
petroleum ; but this in no way relieves persons from 
the responsibility of adopting the same precautions in 
shipping as are enjoined in the landing of petroleum. 
(See Appendix V.) 

Special care must always be taken in cleansing the cleansing 
holds or tanks of vessels which have carried petroleum p^troicum^ 
from all oil and vapour before a naked light is admitted, ships. 
or before repairs are carried out. The best method of 
doing this in the case of tank-steamers is first to fill 
the tank up with water so as to float out all remnant 
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of the oil, and then to pump out and thoroughly dry 
the tank. A powerful ventilating fan should then be 
applied, and should be kept working during the whole 
time men are working in the tank. Modern petroleum 
ships are usually fitted with a suitable fan for this 
purpose, but in some vessels a steam ejector is used 
for the purpose. Ordinary windsails do not furnish a 
very efficient means of cleansing a tank, and should 
not be relied on unless the conditions are exceptionally 
favourable for their use. Whatever the method of 
ventilation employed, the operation of cleansing is 
much assisted by injecting steam into the tank so as 
to warm the interior. That these precautions are 
necessary with vessels which have carried refined oil, 
as well as with those which have carried crude oil or 
spirit, was shown by the explosion which occurred in 
the S.S. Petriana on December 26, 1886, during 
repairs. This vessel had discharged a cargo of oil of a 
flash-point of 79"* F. (Abel), and the tanks, having under- 
gone repair, were being tested when a rapid ignition 
of the atmosphere in one of the tanks occurred, which 
caused the death of ten persons. In this case a spray 
of oil had in all probability been forced into the tank, 
but in the chapter on flash-point it has been pointed 
out that, under certain conditions, an explosive mixture 
of vapour and air may be formed by petroleum oil 
when at a temperature considerably below its flash- 
point. 

It must be remembered that when a tank which has 
contained petroleum spirit is filled witH water for the 
purpose of cleansing, a considerable quantity of vapour 
will be driven out; and in certain conditions of the 
weather this may tend to flow to some point where 
ignition could take place. Not only therefore must 
the requirement of the harbour by-law that no fire or 
light be on the vessel be strictly observed, but care 
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must also be taken that the position of the vessel at 
the time of cleansing is such that no danger can arise 
from neighbouring vessels or from any external source 
of ignition. 

Of accidents in conveyance by road and rail there Conveyance 
have not been a great number in this country, nor, ^^^i^^^ *"*^ 
with one exception, have they been attended by very 
serious consequences. The exception referred to is the 
accident at Abergele on August 20, 1868, when the 
Irish mail ran into a goods train carrying about fifty 
barrels of paraflSn oil which was ignited, and thirty- 
three persons were burnt to death. It is doubtful 
whether any precaution would prevent an accident of 
this description. Where a train carrying petroleum 
meets with a serious collision, the petroleum will 
almost inevitably be spilt, and a fire will be very 
likely to ensue. In general, the vessels in which 
petroleum is conveyed should be of such substantial 
construction as to withstand rough usage, and even a 
mild collision, without allowing their contents to escape. 
A slight collision which occurred in shunting on the 
sidings of the Great Northern Railway on August 16, 
1889, caused the breakage of some puncheons or large 
petroleum casks of insufficient strength containing 
mineral naphtha, and the spirit catching fire, the driver 
and fireman were burnt to death. 

An important precaution in the conveyance ofover-fiUing 
petroleum is to avoid over-filling the vessel in which it ®^ vessels, 
is contained. The expansion of the liquid on rise of 
temperature, especially in the case of spirit, is con- 
siderable ; and unless a sufficient air-space is left, this 
expansion will be liable to burst or strain even the 
strongest vessels. The amount of air-space which 
should be left ought never to be less than 5 per cent, 
of the total capacity of the vessel, and it would be 
better always to allow 7j^ per cent. 
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Petroleum Petroleum spirit in barrels, when conveyed in open 

barrels to be , , i • i ii i i i t 

covered in trucKS or iomes, should be covered by a tarpaulin to 
conveyance, avoid the danger of ignition, in case of leakage, by a 
spark from without. 

Drivers of waggons carrying petroleum spirit should 
not be allowed to smoke or even to carry matches, and 
such waggons should only travel during the hours of 
daylight. A driver should be in constant attendance 
on his waggon at all times when the latter is on a . 
public thoroughfare, and should take every precaution 
to prevent mischievous persons approaching his vehicle, 
especially when leakage or spilling of the spirit may 
have occurred. In an accident which occurred at 
Hackney on January 6, 1880, a van loaded with 
petroleum spirit caught fire in the street from some 
cause which was not ascertained, and the burning 
liquid escaped, to the great danger of surrounding 
houses, several of which were scorched. Again, on 
December 20, 1898, in Great Russell Street, a man 
deliberately threw a lighted match into some spirit 
which had been spilt from a cart, with the result that 
the cart and all the naphtha were destroyed. 

Fortunately, accidents in the conveyance of petroleum 
by canal have not been numerous. The Regent's Park 
explosion originated in the ignition of benzoline vapour, 
but in that instance a large quantity of gunpowder was 
also present. The vapour penetrated into the cabin of 
the barge, and was there by some means ignited. As 
it would be impossible in canal barges of ordinary 
construction absolutely to prevent such penetration of 
vapour, all fires and lights should be excluded from 
barges carrying petrolenm spirit. As in the case of 
conveyance by road, petroleum, whether oil or spirit, 
should be covered over so as to protect it from ignition 
from without. 

The hawking of petroleum spirit is provided for by 
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the regulations contained in the Act of 1881, and it is Hawking of 
not necessary here to amplify the precautions enjoined ^^^^^ ^^™' 
by 1/hat Act. The hawking of petroleum oil is subject 
to no legal restrictions, but as will have been gathered 
from the preceding pages, precautions should not be 
altogether dispensed with. It is true that in an open 
cart there is little fear of vapour accumulating in the 
case of oil ; but where a tank-waggon is employed, it 
is possible that under certain conditions an explosive 
atmosphere may be formed inside the tank, and a 
naked light should never therefore be brought near to 
the opening. In general, the precautions to be taken 
in hawking oil for the prevention of ignition and 
escape of the liquid, should be substantially the same 
as those detailed above for the storage and conveyance 
of this form of petroleum. 

The consideration of the dangers of petroleum lamps 
and the precautions to be taken in their use, will be 
left to the succeeding chapter. 

One further danger should be mentioned, namely. Danger of 
the risk of suifocation to a person entering an atmo- suffocation, 
sphere highly chaiged with petroleum vapour. The 
vapour is not actively poisonous, and may be inhaled 
in small proportions with perfect impunity ; but like 
many other non-poisonous gases, it will, in large 
quantities, so vitiate the air as to deprive a human 
being of the necessary supply of oxygen. In a recent 
case which occurred at Todmorden, a man, contrary to 
orders, entered a tank which had contained naphtha, 
and was so far overcome by the vapour that he 
perished before assistance could be rendered. Cases 
of partial suffocation have occurred amongst men 
working in the holds of vessels carrying petroleum 
spirit in barrels. 

To avoid this danger, tanks should not be entered 
except in cases of strict necessity, and then only after 
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being thoroughly cleansed of all remnant of spirit and 
vapour. The hold of a vessel and any other place 
where vapour is likely to have accumulated, should be 
well ventilated both before men begin to work therein 
and during the time they are so working. As regards 
ships this precaution is enjoined in most cases by 
harbour by-laws. The method adopted in testing the 
atmosphere of the tanks to ascertain whether vapour is 
present, is described in chap. vi. (p. 118). 
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CHAPTER X. 

PETROLEUM OIL LAMPS. 

It would be beyond the scope of this volume to 
attempt to describe the numberless foims of lamps 
designed for use with mineral oil. The different 
patterns actually in use in this country may be 
counted by hundreds, and a still larger number of 
those which have been unsuccessful or have achieved 
no sale may be found in the records of the Patent 
Office. 

In general, a petroleum lamp consists of an oil- General 
container usually mounted on a pedestal, a burner 
through which the wick passes, and a chimney to 
create the draught necessary for the effective burning 
of the oil. Except as regards a few patented lamps, 
the design is simple in the extreme; yet it is upon 
the many details of construction that not only the 
efficiency of the lamp, but its safety in ordinaiy use, 
may depend. 

Few persons have sufficient technical knowledge to choice of a 
judge of the safety and efficiency of a lamp, seen for ^*"P" 
the first time in the dealer's shop ; and purchasers are 
often guided more by the beauty and finish of an 
article than by any consideration as to its efficiency 
or safety. It is well, therefore, to point out that in the 
case of petroleum lamps a beautiful appearance, even 
when accompanied by apparent excellence of manu- 
facture and perhaps a high price, is not always a 
guarantee that a lamp will prove satisfactory in actual 
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use. Artistic effect may be dearly purchased if it is 
given by a lamp which blackens the ceilings, fouls the 
atmosphere, and above all has features which may tend 
to produce a serious accident. 

On the other hand, the poorer classes are guided 
more by the question of cost than by any other con- 
sideration. To them the difference of a few pence in 
the price of a lamp is a matter of importance ; and 
though they may also be influenced by the appearance 
of the lamp which they select, the question of safety 
seldom carries much weight. The importation of very 
cheap foreign lamps obliges British manufacturers to 
compete in prices, and to disregard some of the most 
important conditions of safety. The publicity which 
has recently been given to the whole subject of 
accidents with petroleum lamps, appears to have had 
the effect of making all classes more careful in the use of 
such lamps, and it is to be hoped that this publicity will 
also diminish the demand for the cheap and trumpery 
lamps which have been the cause of so many disasters. 
Points of The following are the principal points which should 

consmu:- ^® looked to in selecting a petroleum lamp. The base 
tion. should be of such diameter or weight, in proportion to 

the height and weight of the whole lamp, that the 
Stability. lamp is not easily overturned. This can readily be 
tested by gently tilting the unlit lamp, and ascertaining 
at what angle it tends to fall over on its side. Any 
person of ordinary intelligence will then be able to 
judge whether or not the lamp is too top-heavy, and 
too liable to be upset in ordinary use. It must be 
remembered in carrying out this test with an empty 
lamp, that allowance must be made for the extra 
weight of the oil, and of any shade which it may be 
proposed to add ; and that any tendency to instability 
in the empty lamp may be increased to a dangerous 
extent when the oil and shade are added. 
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The next point is to see that the oil-container is oii- 
firmly fixed to the pedestal. Lamps constructed to fit ^**"^**'*^"'- 
into ordinary candlesticks should never be purchased, 
as, unless the fit is exact, there will always be a 
tendency for the lamp to be shaken oif. Even when 
such lamps fit accurately, an ordinary candlestick 
forms a very insecure base when the weight of the 
lamp is added. 

One of the most important points to be looked to 
in choosing a lamp is the strength of the oil-container. 
This part should be sufficiently strong to withstand a 
fall on a bare wooden floor from the height of a table 
without either being broken or allowing the oil to 
escape. Oil-containers are usually made of either 
metal, glass, or porcelain. If of metal, the thickness 
of the walls should be such that there is no appre- 
ciable tendency to collapse when the container is 
squeezed with moderate force by the hand. Some 
of the cheap lamps now in the market are made of 
metal which is so thin that the oil-container can be 
readily crushed by the fingers without any great muscular 
eifort. Such lamps would undoubtedly be dangerous 
when upset even from the height of a table on to 
the floor of an ordinary room. The joints of metal 
containers should be made by folding the edges of 
the metal over each other, and should be strongly 
soldered. 

Glass or porcelain containers should be of substantial 
thickness to withstand the shock of a fall. A good 
rule is that the weight of a glass container should be 
from 15 oz. to 1 lb. for each pint of capacity. The 
substantial cut-glass containers fitted to the higher- 
priced lamps will generally be found to conform to 
this i-ule ; but there are unfortunately large numbers 
of lamps on the market of which the containers 
are made of thin blown porcelain glass. These 
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so-called " egg-shell " lamps, though attractive in 
appearance, have been responsible for a large number 
of accidents, and it would be well if their use could be 
absolutely prohibited. 

There has been much controvei-sy as to the relative 
safety of metal and glass oil-containers. Undoubtedly 
a well-made and substantial metal container is safer 
than any glass one in the case of a fall ; but it is 
contended that metal has a greater tendency to heat 
the oil, and is therefore more likely to produce a lamp 
explosion. This contention is not, however, borne out 
by actual experience. Mr. Spencer, in a report to 
the Public Control Committee of the London County 
Council, has shown that the number of lamp explosions 
which have occurred with glass reservoirs far exceeds 
that with lamps wholly of metal. It is true that glass 
containers are more commonly used than metal ones, 
but this is hardly sufficient to account for the large 
diiference in the numbers. It is possible that ex- 
plosions occur as often or oftener in metal containers, 
but that their consequences are seldom of a serious 
character. 

One advantage clear glass containers certainly have 
over metal ones; and that is the opportunity they 
aiford of seeing the level of the oil, and ascertaining at 
a glance whether the lamp requires replenishing or 
not. There is therefore less temptation to remove 
the burner whilst the lamp is lighted. There is not 
in reality much difference in point of safety between 
substantial containers of glass and those of metal.* 
In either case, if the lamp is otherwise of proper 
construction and properly looked after, accidents are 
not likely to occur. 
FiUing-hoic. Some lamps have a separate filling-hole for re- 
plenishing the oil, closed generally by a screw plug, 
but this opening is unnecessary, and its presence 
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oifers a temptation to replenish the lamp without fii*st 
extinguishing it. If a filling-hole is provided, the 
closing plug should have a well-fitting screw, and if 
this plug is perforated for an air inlet, the perforation 
should not be larger than a pin-hole. 

. • Burner 

In the case of a metal lamp, the collar into which 
the burner is fitted should be securely soldered or 
brazed to the container; and where the latter is of 
glass or porcelain, the metal collar holding the burner 
should be firmly cemented to the container by means 
of a mixture of plaster-of-paris and glue or other suit- 
able cement. 

The burner should be attached to this collar by a 
well-fitting screw having at least three complete 
threads, or by a good bayonet joint. It is particularly 
in respect of the attachment of the burner that so 
many cheap lamps are defective. In some a screw 
stamped in thin metal, and having perhaps not more 
than one or two threads, is employed : in others there 
is a bayonet joint of equally flimsy construction. The 
consequence is that in a very short time the attach- 
ment becomes absolutely ineffective, and the burner is 
liable to be shaken loose by the smallest vibration. 
Then if a fall of the lamp occurs the burner is detached, 
and the oil, flowing out, becomes ignited, often with 
fatal resxilt. 

Several fatal accidents have occurred through the 
use of small glass lamps which are sold for a penny, 
and on which the burner is fitted without proper 
attachment. Such lamps are dangerous and should 
not be used for any purpose. 

The thickness of metal of which the burner is con- 
structed should be sufficient to prevent any tendency 
of the parts to be bent out of shape in the ordinary 
operations of cleaning and inserting the wick, even in 
not over-gentle hands, but should not be unnecessarily 
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gi'eat, as thick metal is less readily kept cool by air- 
currents. The wick- tube should be solid-drawn, brazed, 
or double-folded ; and should be securely and completely 
soldered or brazed to the burner. The burner should 
be easily taken to pieces, so as to enable aU parts to be 
readily cleaned. Above all, there should be no opening 
through which the explosive atmosphere which is liable 
to form in the container of any lamp can possibly be 
ignited. It is doubtful whether an air-inlet hole is 
ever necessary ; but if this is provided, it should take 
the form of a mere pin-hole placed as far from the flame 
of the lamp as possible. 

The chimney gallery is usually made of brass, and 
has projections turned up so as to hold the chimney. 
These projections should be made of substantial and 
elastic metal to aiford a good grip for the chimney. If 
thin and weak, they soon get bent out and lose their 
hold, with the result that the chimney is liable to be 
tilted and cracked by the flame. 

There is some difference of opinion as to the value of 
an elongated wick-tube reaching down into the oil in 
the reservoir. It is claimed for this contrivance that • 
it prevents the possibility of the ignition of the vapour 
in the container through the wick-tube ; but if the 
wick entirely fills the tube, as it should do, no such 
ignition is possible. This elongated wick-tube has the 
disadvantage that it tends to heat the oil, and also 
renders the insertion of a fi'esh wick more dijBScult. 

Many safety devices for petroleum lamps have been 
proposed, and it would be beyond the scope of this 
volimie to attempt to describe these in detail. The 
majority of such devices take the form of automatic 
extinguishers, which are intended to act when the 
lamp is upset or tilted out of the vertical. Few of 
these inventions can be wholly relied upon ; and never 
should such reliance be placed on any so-called safety 
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lamp as to cause ordinary precautions to be regarded 
as unnecessary. An appliance for extinguishing the 
lamp when its light is no longer required is certainly 
a useful adjunct, and removes all inducement to adopt 
the dangerous practice of blowing down the chimney. 

More important even than the proper construction Manage- 
of the lamp is carefulness and intelligence in its ^^^^^ 
management and use. The ordinary petroleum lamp 
is not such a complicated piece of mechanism as to 
requii'e special intelligence for its safe employment, 
nor, on the other hand, is it so simple as to render all ' 
care and intelligence unnecessary. Any person who is 
not mentally deficient is perfectly capable of mastering 
the simple precautions which should be observed ; yet 
so long as lamp users fail to grasp the necessity of 
these precautions accidents will continue to occur. 
Some local authorities and lamp manufacturei*s have 
done good work in preparing and distributing rules for 
the guidance of users of lamps, but more widely spread 
instruction is badly needed. It has been suggested 
that girls should be taught at the board schools the 
proper care and management of lamps. If this sugges- 
tion were carried out, there is little doubt that lamp 
accidents would become less frequent. In Appendix XI. 
will be found a code of rules based on those issued 
by local authorities, and embodying the precautions 
for the prevention of all the commoner forms of lamp 
accident. 

Dealing next with the subject of the accidents Accidents, 
themselves, it may be said at once that the number of 
cases where death or personal injury has been caused 
appears at first sight very alarming. During the 
eight years from 1889 to 1896 inclusive, the number 
of fatal lamp accidents was 1031, making an annual 
average of 129 throughout the country. It must be 
remembered, however, that these deaths occurred 
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among a vast number of persons using petroleum. It 
has been estimated that the number of lamps burning 
every night throughout the country is upwards of 
10,000,000, and this represents the lighting, burning, 
and extinguishing of a lamp nearly 4,000,000,000 times 
in a year. That this vast number of separate opera- 
tions causes not more than 129 deaths tends to show 
that the danger to an individual in using a petroleum 
lamp is not as great as it is sometimes represented. 
It is instructive to compare the number of fatal acci- 
dents caused by lamps with that of deaths from some 
other accidental cause-;— as, for instance, from falling 
down stairs. During the period named above this 
latter class of accident accounted for no less than 5500 
deaths, or more than five times as many as those due 
to lamp accidents. From this it will be seen that, large 
though the number of fatal lamp accidents undoubtedly 
is, it is not so much out of proportion to other fatalities 
as to call for legislation of a very drastic character. 
Lamp III considering the causes of the accidents which 

explosions, occur. One is met by the great difficulty in some cases 
in obtaining trustworthy evidence as to particulars. 
Until recently, nearly every mishap with a lamp was 
described as an explosion. On the other hand, witnesses 
before the Select Committee have given the opinion 
that true lamp explosions scarcely ever occur; this 
opinion being no doubt based on the difficulty of 
producing such an explosion experimentally. 

The truth is that from 20 per cent, to 25 per cent, 
of the cases which have been investigated have proved 
to be explosions, whilst the remainder were fires caused 
in most cases by the fall of a lamp. A true lamp 
explosion occurs when the proportion of vapour to air 
in the reservoir happens to be between 2 per cent, and 
4 per cent., and when at the same time the flame is 
brought in contact with the mixture. If the reservoir 
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is a fragile one it gives way, and the burning oil is 
thrown over any penson who happens to be near. It 
is by the burning oil and not by the violence of the 
explosion that persons are killed and injured. 

Falls of lamps occur in a variety of ways. Sometimes Fails of 
a person carrying a lamp stumbles or is jostled against : ^*™p®' 
sometimes a lamp is pulled oif a table or the latter is 
upset : hanging lamps are sometimes insecurely sus- 
pended : and sometimes a lamp is used as a missile. 

Again, cases have occurred where a lamp which was 
being carried in the hand has suddenly flared up, with 
the result that the person carrying it has dropped it in 
alarm. 

Another class of accident is caused by the ignition 
of the oil in attempting to refill the lamp while it is 
alight or in close proximity to a fire. In such cases a 
person loses presence of mind and upsets the burning 
oil. 

It is doubtful as to how far the number of lamp Suggested 
accidents could be diminished by any legislative ^^e*®^***^^'*- 
measure. The two suggestions which have been made 
as to legislation with this object are, first, to raise the 
flash-point to 100° F., and secondly, to establish a legal 
control over the construction of lamps. 

The first suggestion has been mentioned in previous Effect of 
chapters (pp. 75 and 144). It is urged that by this [^e J/g^. 
means explosions would be entirely prevented, inas- point, 
much as the temperature of the oil in the reservoir of 
a lamp seldom attains 100"* F. It has been shown 
that this contention is erroneous (chap. v.). The 
conditions in the lamp are entirely different from those 
in the testing instrument, owing principally to the 
heated metal of the burner. Professor Dewar* has 
shown that, under ordinary conditions of burning, the 
metal work of the burner inside the oil-container is 
♦ Select Committee, 1896 ; Q. 6758 et seq. 
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liable to acquire a temperature as high as HO"" F., 
while if the draft is impeded, this temperature may 
rise still higher. • Therefore, if the flash-point of the 
oil alone were to be depended upon, absolute immunity 
from lamp explosions could not be attained unless only 
oil of a much higher standard were employed. As to 
what this figure would be, opinions differ, but probably 
it would not be less than 150° F. (Abel), a flash-point 
which is quite out of the question, with the present 
construction of lamps, and sources of supply of oil. 

Moreover, if the flash-point were raised there is no 
certainty that only oil above the legal standard would 
be employed, for it must be clearly understood that 
there would not, nor ever could be, in this country, a 
total prohibition of the sale and use of any particular 
description of petroleum. It is true that at the present 
time the eifect of the restrictions placed on petroleum 
below a flash-point of 73° F. (Abel) has been almost 
entirely to abolish the use of spirit as an illuminant. 
Spirit now, however, costs more than oil, and there is 
therefore no inducement to any one to use the former 
in preference to the latter. If, however, the flash- 
point were raised, all this might be changed, and oils 
with flash-points below the legal standard might be 
found to be much cheaper and better illuminants. In 
such case it is unlikely that legislative restrictions 
would any longer serve as a deterrent to the use of 
lower flash-point oils. 

The eifect of the use only of oils of a flash-point 
above 100° F. (Abel) in preventing accidents from fall- 
ing lamps is by no means certain. If a lamp falls on 
a carpet and the oil escapes, a conflagration may ensue, 
whatever the nature of the oil, unless the lamp happens 
to be extinguished. But it is urged that the rapidity 
of the combustion will be much less in the case of high- 
flash oil. Other conditions being alike, this contention 
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is perfectly true, and in this respect the higher the 
flash-point the greater will be the safety. But if in 
the struggle to supply a high-flash oil at a reasonable 
price the fi-ee-burning qualities are sacrificed, this 
advantage may be largely nullified. An oil which is 
sluggish in ascending the wick tends to heat the lamp 
unduly ; and if when the lamp is upset the high-flash 
oil has become much hotter than would have been 
the case with oil of the present standard, there will 
be little difierence in the rapidity of the resulting 
conflagration. 

It is stated by those in favour of raising the flash- 
point that lamp accidents with high-flash oil are prac- 
tically unknown. Even if this were true, it would not be 
conclusive as to the absolute safety of this description 
of oil, for two reasons. In the first place, the flash-point 
of the oil involved has not been ascertained in the case 
of the majority of lamp accidents which have occurred; 
and secondly, high-flash oil has not until lately been 
used to any large extent by the classes amongst whom 
the greater proportion, of accidents occur. In the last 
two years, however, a brand of oil flashing at about 
100° F. (Abel) has been sold at prices which have 
brought it within the reach of such classes, and acci- 
dents with this oil have occuri'ed. Indeed the propor- 
tion of such accidents to those with low-flash oil 
appears to be somewhat gi*eater than might be expected 
from the relative proportions in which the two oils are 
used amongst the poorer classes. It would not be safe, 
however, to draw conclusions from this fact, owing to 
the large number of cases in which nothing is known 
as to the quality of the oil. 

A more powerful argument in favour of a higher immunity 
flash-point is the comparative immunity from lamp ac^ckients v 
accidents in Scotland, where Scottish shale oil is prin- Scotland, 
cipally used. But here again some other cause must 
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be operating to reduce the number of accidents, as the 
recent large increase in the consumption of low-flash 
oil in Scotland does not appear to have led to any 
increase in the number of lamp accidents. Moreover, 
in Germany and Switzerland, where the standard is 
lower than in this country, the number of accidents is 
also smaller than in England. 

It is, therefore, by no means certain that raising the 
standard would have an appreciable eifect in rendering 
lamp accidents less frequent. 
Effect on An important consideration to be taken into account 

is the effect which the raising of the flash-point would 
have on the price and quality of the oil if such a 
measure attained the desired eifect of preventing the 
use of low-flash oil as an illuminant. 

It was shown above that fatal lamp accidents are 
largely outnumbered by fatal falls down staiis. Yet 
the most advanced reformer would not venture to 
suggest legislation for the abolition of houses of more 
than one storey. Obviously public safety is not the 
only consideration to be taken into account. Petroleum 
is essentially the illuminant of the poorer classes. The 
additional safety to be attained by raising the flash- 
point, the amount of which at best is somewhat 
doubtful, would be dearly bought if it entailed a 
serious increase of expenditure to the classes who can 
least aiford it. 

The exact increase in the price of oil which would 
result from legislation raising the flash-point toiOO** F. 
(Abel) can only be a matter of conjecture, owing to 
the numerous conditions on which the price depends. 
The evidence on this point before the Select Com- 
mittee was of the most contradictory character, and 
is therefore of little guidance as to the probable 
increase. 

The Committee, however, have reported that the 
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effect of such legislation would be to materially increase 
the cost of petroleum to the consumer. 

In attempting to arrive at an estimate, several con- 
siderations must be taken into account. At the present 
time Scottish oil, having a flash-point of over 100'' F. 
(Abel), is somewhat lower in price than American low 
flash-point oil, while the so-called " Water- White," 
which is the high flash-point oil imported from America, 
costs wholesale a little over a penny a gallon more 
than the ordinary American oil. 

But Scotch oil could never be produced in anything 
like the quantity which is required in this country. 
Nor would the supply of American Water -White 
oil be sufficient for our needs, inasmuch as this brand 
represents but a small percentage of the crude oil as 
taken from the wells. 

It is possible, however, to refine the ordinary oil so 
as to bring the flash-point up to 100° F. (Abel) This 
may be done by distilling oflT a certain percentage of 
the lighter petroleum; but in order to maintain the 
same free-burning qualities, it is necessary to remove 
also some portion of the heavier oils. 

The results of laboratory experiments having for 
their object the raising of the flash-point of the 
ordinary oils of commerce, are not conclusive, as high- 
test oil would not in practice be made from low-test 
oil, but would be produced direct from the crude oil. 
It is therefore difficult to say what proportion of the 
ordinary oils at present made would be rejected in 
making oils of 100° flash-point. It may be assumed, 
however, that if the free burning quality is not sacri- 
ficed the diminution in yield would not be less than 
10 to 15 per cent, and might be more. Extra capital 
expenditure would be necessary at the refineries to 
maintain the output, but, except for this, the additional 
Qost of the refining operations would not, probably, be 
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appreciable, as it would be necessary only to carry 
the process of distilling off the spirit a little further, 
and to arrest the distillation of the kerosene at an 
earlier stage. 

Conflicting opinions were given before the Committee 
as to the value of the portions of the ordinary American 
oil which would be thus rejected, but it seems probable 
that the portions in question could only be sold as a 
cheap fuel oil or for gas-making, and that their 
commercial value would be very low. Assuming 
this to be the case, the increase in the cost of the 
high-test oil over that of the low-test oil would 
probably result in the addition of not more than a 
penny a gallon to the price in this country, as the loss 
must be calculated on the oil at the refinery, where 
the price is comparatively low. It must, however, be 
borne in mind that there would be an increase in the 
quantity of by-products, of which at present the 
production in the United States is in excess of the 
market requirements, and that this would tend to 
further raise the cost of the high-fest oil, as the 
surplus of these by-products could only be sold, if at 
all, at reduced prices. 

There is, however, a more important point to be 
taken into consideration. According to evidence given 
before the Select Committee, the American refiners are 
barely able on the existing basis to meet the demands 
of the world for illuminating oil, and if the yield of 
such oil were diminished by raising the standard there 
would obviously be a risk of the supply proving 
inadequate. If this were to occur there would in- 
evitably be a serious rise in prices, or in the alternative 
an equally serious falling-off in the quality of the 
oil. The extent to which this might occur cannot 
be estimated, and it is evident that advocates of a 
test-standard of 100'' F. might, if successful in their 
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eiForts, find that they had assumed a very great 
responsibility. 

The other direction which has been suggested for Prohibition 
legislation would be more likely in time to produce ©^fdangerous 
good efiect, and it is one which was recommended by 
the Select Committee with some approach to unanimity. 
Unquestionably if an Act of Parliament were passed 
which would have the efiSect of entirely preventing the 
use of defective and flimsy lamps, a large proportion of 
accidents would be avoided. But here again there are 
difficulties. Of the ten million lamps now in use in this 
country a large proportion are defective, and no law 
can prevent the continuance of their use. Again, a 
lamp which is up to the standard when it is first sold 
may become defective irom old age or improper use, 
and here also the law would be powerless. Another 
obstacle would be the difficulty of ensuring an efficient 
administration of any such Act. Few local authorities 
in country districts would be able to find an inspector 
with sufficient technical qualifications to judge whether 
lamps which are oifered for sale come up to the required 
standard. Even in large towns the local authority 
is not always sufficiently energetic to cany a law of 
this kind into useful efiect. And if in any town 
cheap and defective lamps were allowed to be sold with 
impunity, ignorant persons from the whole district 
round would avail themselves of the opportunity, and 
the trade of the more law-abiding dealers would 
sufier. 

It will be seen from the above considerations that importance 
there are grave difficulties in the way of the prevention ^ng^ruction 
of accidents by legislative control. The surest method 
of diminishing the number of accidents would un- 
doubtedly be some form of education by which persons 
of every class throughout the country would be induced 
to purchase only lamps of safe construction, and to use 

Digitized by VjOOQIC 



18 HANDBOOK ON PETROLEUM. 

them properly. The cure really lies with the people 
themselves, and no legislation of any kind can possibly 
be as effective as instructed popular opinion. 

It is not too much to say that ninety per cent, of the 
accidents which have occurred, whether by explosion of 
a lamp or otherwise, have been directly due to gross 
carelessness, ignorance, or the use of lamps after they 
have become dirty or broken or defective, these causes 
being aided by the mistaken economy which induces 
persons to buy cheap and flimsy lamps rather than 
those of safer and at the same time more durable con- 
struction. 
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CHAPTEK XI. 

CARBIDE OF CALCIUM AND ACETYLENE. 

When a mixture of lime and coke or other form of Manufac- 
carbon is subjected to the intense heat of the electric ^^^^^^ 
furnace, chemical action takes place between the two 
substances. The lime is separated into its two com- 
ponent parts, calcium and oxygen, which combine with 
the carbon to form carbide of calciimi and carbonic 
oxide respectively. The latter passes off as a gas, 
whilst the carbide remains in a molten or half-molten 
condition, and is either run off or allowed to fonn itself 
into an ingot in the furnace. 

A very large amount of electrical power is required 
for the manufacture of carbide on a commercial scale, 
and for this reason factories for its manufacture are 
usually situated at places where water-power is 
available. 

The importance of carbide of calcium as a commercial Formation 
product lies in the ease with which it can be made to ° *^**^ *"** 
generate acetylene, which of all gases has the highest 
illuminating power. In order to produce this gas it is 
only necessary to bring the carbide into contact with 
water in a suitable generator, whereupon the calcium 
combines with the oxygen of the water to form lime, 
whilst the carbon combines with the hydrogen to form 
the gaseous product acetylene. The chemical processes 
involved in the formation of carbide of calcium and 
acetylene may be readily understood from the follow- 
ing simple chemical equations : 
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Affinity of 
carbide for 
water. 



Properties 
of carbide. 



Identifica- 
tion. 



Properties 
of acetylene. 



Making use of the usual symbols : 



Calcium 
Oxygen 



Ca, 
O, 



Carbon . 
Hydrogen 



C, 
H, 



we get the following equations : 



Lime. 
CaO + 

Calcium Carbide. 



Carbon. 
3C 

Water. 



Calcium Carbide. Carbonic Oxide. 



CaC 



2 



H2O 



CaCg 

Acetylene. 

= CaSq 



CO. 

Lime. 
CaO. 



So great is the affinity of carbide of calcium for 
water that it combines with the moisture of the 
atmosphere, and whenever exposed to the air it con- 
tinues to give off the highly inflammable gas. 

This affinity is taken advantage of in what is termed 
the dry process of acetylene generation. The process 
in question consists in mixing powdered carbide with 
a salt, such as carbonate of soda, also in powder, which 
contains a large amount of water of crystallisation. 
The carbide then abstracts from the salt the water 
necessary for its decomposition. 

In appearance freshly broken carbide is a crystalline 
semi-metallic-looking solid. The fresh fracture is dark 
in colour, varying between brown and bluish-black, 
but is sometimes tinged with iridescent colours. 
When the surface has been exposed to the air, how- 
ever, it becomes covered with a coating of lime which 
gives it a grey or whitish appearance. 

Carbide may be easily identified by plunging a small 
sample into water, and applying a match to the surface. 
If copious bubbles of gas rise in the water and are 
ignited on contact with the flame, and if a white 
powder is left at the bottom of the water, the sample 
may be pronounced to be carbide of calcium. 

Acetylene gas has a disagreeable smell resembling 
that of garlic ; and to any one familiar with this smell 
carbide, which is exposed to the air, can be readily 
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identified without submitting it to the above test. 
The disagreeable odour is due to phosphoretted hydro- 
gen, an impurity which is always present in acetylene 
made from commercial carbide. Perfectly pure acety- 
lene has a rather pleasant etherial odour. The evil 
smell of the commercially formed gas is not altogether 
a disadvantage, inasmuch as it enables a leakage to be 
detected with even greater readiness than in the case 
of coal-gas. 

Freed from impurities, acetylene is not a poisonous 
gas, though of course if air containing a very large 
percentage were breathed for any length of time, 
sufibcation would ensue. Good commercial carbide 
will give about five cubic feet of acetylene per pound 
under suitable conditions of generation, but it is seldom 
in actual practice that the amount reaches this figure. 
Acetylene has a specific gravity of about 0*9, and 
therefore diflfers but little in weight from air. Conse- 
quently it mixes readily with the atmosphere, and 
shows no tendency to flow like the heavier vapour of 
petroleum. 

Like all other inflammable gases and vapours, it 
tends to form an explosive mixture with the atmo- 
sphere. This mixture commences to be explosive when 
the proportion of acetylene reaches 3 per cent., and 
continues to be so under certain conditions until the 
proportion of gas is over 80 per cent. The maximum 
explosive force is reached when the proportion of gas 
to air is half and half. In this wide range of explosive 
capability, acetylene differs greatly from most inflam- 
mable gases, the reason being that it possesses explosive 
properties in itself without any admixture of air. 
When raised to a pressure of two atmospheres or even 
less, acetylene alone will, on the application of a light 
or spark, explode with very great violence. 

The igniting temperature of acetylene in air is 
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896** R, which is somewhat below that of the visible 
red heat of iron, and is considerably lower than 
the igniting point of coal-gas or petroleum vapour. 
The temperature necessary to produce an explosion of 
compressed acetylene is, however, considerably higher, 
being about 1436° R 

In the smaller percentage which is necessary to form 
an explosive mixture, and in the lower temperature of 
ignition, acetylene is somewhat more dangerous in case 
of leakage than coal-gas ; while, on the other hand, the 
very small size of the burner for the former gas allows 
it to escape much more slowly in the event of the flame 
being blown out or the burner being accidentally left 
turned on. 
Illuminating The illuminating power of acetylene as compared 
P®^^*" ^th coal-gas varies with the type of burner employed. 

In a suitable burner 5 cubic feet of acetylene per hour 
will give 240 candle-power, while the same quantity of 
coal-gas gives 16 candle-power. Acetylene is, however, 
generally burnt in much smaller burners, consuming 
from ^ to 1 cubic foot per hour. Under these condi- 
tions the illuminating power of acetylene is from six 
times to ten times as great as that of coal-gas. 
Generators. It would be impossible, within the limits of this 
chapter, to give a detailed description of the numerous 
forms of acetylene generator which have been devised. 
The fact that it is only necessary to bring water into 
contact with carbide of calcium in order to generate 
the gas makes the designing of a generator apparently 
so simple a matter that many inventors have been 
tempted to devote their energies to the subject. The 
matter is really not so simple as it seems, and it is 
upon the many important details of design that the 
success, and even the safety, of the apparatus depend. 
In the report of the Committee on the Exhibition of 
Acetylene Generators at the Imperial Institute in 
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June 1898,* the various forms of apparatus are classified 
as follows : 

(1) Those in which the gas is generated by water being allowed to 

drip, or flow in a small stream, on to the top of the carbide. 

(2) Those in which water rises around the carbide. 
(8) Those in which the carbide falls into water. 

These are again subdivided into : 

Automatic. Non-Automatic. 
By automatic generators are Non-Automatic generators are 
meant those which have a storage those in which a holder of suffi- 
capacity for gas less than the cient capacity is provided to re- 
total volume which the charge of ceive the whole of the gas made 
carbide is capable of generating, from the largest charge of carbide 
and which depend upon some which the apparatus is capable 
special contrivance for stopping of taking, 
contact between the water and 
carbide. 

This report gives a detailed description of the various 
forms of generator tested by the committee, together 
with much other useful information on the subject. 
Since it was written, many new forms of apparatus 
have been placed on the market, all of which, however, 
fall within the above-mentioned classification. 

Soon after the introduction of carbide of calcium as Legislation, 
an article of commerce into this country, it became 
evident that unless this substance were placed under 
some restrictions, serious accidents might arise. Not- 
withstanding the great difference between carbide and 
petroleum, it was recognised that the danger attending 
the storage of the two substances is much the same, 
since it arises from the liability of both to create an 
explosive atmosphere by giving off inflammable gas or 
vapour. 

* This report was issued by the Society of Art*«, and may be 
obtained from William Trounce, 10 Gough Square, Fleet Street, 
London. 
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Consequently it was decided that the best method of 
dealing with the danger was to take advantage of the 
power provided in Section 14 of the Petroleum Act, 1871, 
of bringing other substances within the scope of that 
Act, and to subject carbide of calcium to such of the 
provisions of the Petroleum Acts as were applicable. 

An Order in Council to this effect was accordingly 
made on February 26, 1897. This Order will be found 
in Appendix XII. together with a subsequent Order in 
Council dated July 7, 1897, by which a quantity up to 
5 lbs., when kept in hermetically closed metal vessels 
containing not more than 1 lb., is exempted from the 
necessity of licence. 

It is not therefore lawful for any person to keep 
more than 5 lbs. of carbide of calcium, whether for 
sale or for use without a licence from the local autho- 
rity under the Petroleum Acts. The conditions to be 
Licences, attached to such licence rest entirely with the local 
authority, and will vary somewhat in different places ; 
but it is usual to attach such conditions as will afford 
protection not only in the storage, but also in the use 
of carbide on the licensed premises. The power to 
attach conditions in regard to the construction and 
position of the generator in which the carbide is to be 
used has not, as far as the authors are aware, ever been 
questioned ; and though there may be some doubt on 
the matter, it is probable that a Court of Law would 
hold that such conditions come within the wording of 
Section 9 of the Petroleum Act, 1871. Certainly these 
conditions do come within the wording of that section 
if it is held, as it very well may be, that carbide, even 
when in the generator, is being " kept " on the premises 
until the whole of it has been decomposed in the forma- 
tion of acetylene gas. 

In preparing licences for carbide of calcium, local 
authorities will probably be guided in some measure 



Digitized by 



Google 



CARBIDE OF CALCIUM AND ACETYLENE. 198 

by the forms adopted by the London County Council, 
who have had the advantage of the assistance of the 
Home Office and of competent scientific advisers in 
framing their regulations. 

The forms of licence adopted by this body, together 
with a memorandum issued by them, will be found in 
Appendix VI. 

In dealing with the dangers which have to be Precautions, 
guarded against in keeping carbide of calcium, it should 
be clearly understood that the material by itself is 
whoUy inexplosive and incombustible, and is absolutely 
safe so long as no water or moisture can reach it. 

The carbide should be kept, therefore, in hermetically 
sealed metal vessels, which should be protected from 
the weather and stored in a dry place. As some gas 
may be formed from contact with the moisture of the 
atmosphere whenever the carbide vessels are opened 
or are not perfectly air-tight, it is desirable that the 
place of storage should be thoroughly ventilated, and 
that precautions should be taken to prevent the ignition 
of any gas which may be so formed. Thus a naked 
light * should never be brought into close proximity to 
an open vessel containing, or which has contained, 
carbide, nor should such light be used in any building 
where large quantities of carbide are stored. 

Another danger may arise in the case of a fire from 
some other cause, which may damage the carbide vessels. 
In attempting to extinguish the fire, water may then 
come in contact with the carbide, giving rise to a 
copious evolution of gas, which will add to the confla- 
gration, even if it does not cause a disastrous explosion. 
For this reason no large amount of carbide should be 
allowed to be stored in a shop or dwelling-house, or in 
any highly inflammable building ; and when a fire does 
occur in a large carbide store, the Fire Brigade should 
* See remarks on Safety Lamps (p. 159). 
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be warned not to attempt to extinguish it in the usual 
manner. 
Quantity. It has been usual in licences to require that carbide 

should be kept in vessels containing not more than 
112 lbs., but owing to the smaller size to which the 
material is now broken, the vessels originally designed 
to hold a hundredweight will now contain 140 lbs., and 
there is no special objection to the larger amount being 
allowed. 

With regard to the quantity to be kept on any one 
premises, it must be remembered that in the case of 
large stores the danger is measured, not by the quantity 
of carbide, but by the amount of water which can gain 
access to it at any one time. Consequently it is not 
usual to limit the amount of carbide which may be kept 
in a large store. In the special cases where licences 
are granted for the keeping of carbide in a shop or 
dwelling-house, the quantity should be strictly limited. 
As some guide in fixing the limit, it should be remem-. 
bered that as one pound of carbide will produce 5 cubic 
feet of gas, and as an atmosphere of acetylene and air 
commences to be explosive when the proportion of the 
former reaches 3 per cent., therefore 3 lbs. of carbide, if 
all converted into gas at once, would render a space of 
500 cubic feet explosive. 

It would be necessary, however, in order to convert 
the whole of the carbide into gas, that there should 
be nearly an equal weight of water in contact with 
the material. Where the evolution of gas is rapid, an 
explosive atmosphere may form in a portion of the 
space with a less quantity of gas than would be necessary 
to render the whole space capable of explosion. 
Safety of As already stated, it is usual where carbide of calcium 

generator. ^ required for use on the premises to attach to the 
licence conditions in regard to the situation, construc- 
tion, and method of employment of the generator. 
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The apparatus should always be placed in a well- 
ventilated outbuilding or in the open air, and never in a 
shop or dwelling-house. No artificial light capable of 
igniting gas should ever be taken into, or near, the 
building in which the generator is erected. Strict 
rules should be enjoined to prevent the access of 
children or unauthorised persons to the generator or 
to the store of carbide, and no person should be given 
charge of the apparatus without being thoroughly 
instructed in its use. If the generator is fitted with 
a blow-off pipe, this should be carried up through the 
roof of the building, so as to discharge into the open 
air. 

As the residue from the generator is not always Residue, 
wholly expended, it is necessary that it should be 
immersed in at least ten times its bulk of water before 
being thrown into the drains, as otherwise dangerous 
accumulations of gas may take place in the sewers. 

In regard to the construction of generators, local 
authorities, unless they have some competent expert 
adviser, will usually have considerable diflSculty in 
laying down regulations, or in approving any par- 
ticular generator which it is proposed to erect on the 
premises of an applicant for a licence for carbide. 

As this has been a difficulty much felt throughout 
the country, a committee of experts was requested to 
consider the question, and to carry out tests of such 
generators as might be brought before them. It is 
anticipated that their report will be of the greatest 
value to local authorities in determining the safety or 
otherwise of any particular generator. This report 
is not yet issued. 

Another condition which it is usual to insert in Purity of 
licences is that no carbide should be kept which is ^*'^****- 
not commercially pure. It was thought that if 
impurities were present in such amount as to develop 
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large percentages of phosphoretted or siliciuretted 
hydrogen, there .would be a danger of spontaneous 
ignition of the acetylene generated. Experiments 
made by Professor Lewes, conjointly with one of the 
authors, have, however, shown that the percentage 
of these gases necessary to produce spontaneous 
ignition is so great that carbide which is dangerous 
from this cause would be altogether unfit for practical 
use. There would be little chance, therefore, of finding 
in the market carbide of such a dangerous degree of 
impurity. 

Harbour The power of harbour authorities to make by-laws 

y-aws. £^^ petroleuni* spirit applies equally to carbide of 
calcium. It is preferable that the by-laws made for 
the latter should be entirely distinct from those made 
for petroleum. To assist harbour authorities a Model 
Code has been prepared (see Appendix XIIL), which 
contains sJl the provisions necessary for ensuring public 
safety; but this code is, of course, in no way 
binding. 

Compressed It has already been stated that acetylene when 

acetylene. i . j p i • i • * i 

compressed is possessed oi explosive properties by 
itself, that is, without the admixture of air. On the 
Continent more than one serious accident has occurred 
from the use of the compressed gas, and as it seemed 
likely that proposals would be made to use acetylene 
in this form in the United Kingdom, it was considered 
advisable to deal with the matter at the outset. 

Accordingly, after certain experiments had been 
made to confirm those of Continental chemists, it was 
decided to prohibit the compression of acetylene except 
when it can be shown that in admixture with any 
substance, or in any form or condition, it is free from 
explosive properties when compressed. This was done 
by an Order in Council, dated November 26, 1897, 
under the Explosives Act (see Appendix XIV.), which 
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declares that, with the above exception, acetylene 
when liquid, or when compressed to a pressure exceed- 
ing the equivalent of 100 inches of water, shall be 
deemed to be an explosive under that Act, and shall 
be prohibited from being manufactured, imported, kept, 
conveyed or sold. 

Advantage has been taken of the exception, and it Exemptions, 
has been demonstrated by experiment to the satisfac- 
tion of the Secretary of State that a mixture of 
twenty parts of acetylene to eighty parts of oil-gas 
compressed to a pressure of 150 lbs. to the square inch, 
is free from explosive properties. An Order of 
Secretary of State, dated March 28, 1898, was accord- 
ingly made exempting this mixture from being deemed 
to be an explosive, and consequently from prohibition. 
(See Appendix XIV.) 

Successful experiments have also been carried out 
in the presence of one of the authors to show that 
acetylene, when compressed into porous material, both 
with and without acetone, is free from danger of 
explosion under ordinary conditions. An Order of 
Secretary of State has accordingly been made exempt- 
ing the gas when compressed under these conditions 
from being deemed to be an explosive. (See Appen- 
dix XIV.) 

The capacity of the liquid, acetone, for absorbing 
acetylene is very remarkable. At a pressure of ten 
atmospheres one volume of acetone will absorb about 
250 volimies of acetylene. 

A similar Order in Council under the Explosives Act Acetylene 
dated May 15, 1900, has been made, prohibiting the ^J** ^* 
use of acetylene in admixture with air. (See Appen- 
dix XIV.) It was proposed to obtain a better combustion 
of the gas by mixing it with a certain proportion of 
air in the pipes, and one installation on this principle 
Was erected in this country. This proposal has been 
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Accidents. 



Other uses 
of carbide 
and 
acetylene. 



experimented with in America and resulted in several 
accidents. It was in order to prevent a repetition of 
such accidents in this country that the prohibition 
has been issued. When it is remembered that the 
most powerfully explosive mixture of acetylene and 
air is formed when the proportion of the former is 
50 per cent., and that even when 80 per cent, is 
present the mixture can be exploded, it will be seen 
that no addition of air which would be of value in 
assisting combustion can be safely employed. 

The Order in Council expressly states that the 
prohibition does not extend to a mixture of gas and 
air formed in the burner or contrivance for consuming 
the gas, as, for instance, in a Bunsen burner, or in a 
gas engine ; nor to a mixture which occurs in a well- 
designed generator when first used or re-charged ; and 
therefore prosecutions under the Order should only be 
instituted in cases where mixtures of gas and air are 
deliberately made throughout an acetylene installation, 
or where a generator is so badly designed as to allow 
such a mixture to be formed to a dangerous extent. 

Owing probably to the restraining influence of 
legislation on the subject, accidents with acetylene in 
this country have not been numerous, though the gas 
is now being used to a large and rapidly increasing 
extent. Those accidents which have occurred have 
all been due to culpable carelessness in connection 
with generators. In nearly every case it is believed 
that the cause was the bringing of a naked light in 
dose proximity to a generator under examination or 
repair. 

At present the use of carbide of calcium in the 
United Kingdom is confined entirely to the produc- 
tion of acetylene for illuminating purposes, but other 
applications likely to become of importance have been 
initiated in Germany. These are as follows : — 
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The production of metals from their ores. By 
mixture with carbide and subsequent exposure to 
gentle heat, the ores of copper and lead can be readily 
reduced, but whether the method is an economical 
one or not can only be shown by experience. 

Carbide can also be used for the production of steel 
and for the surface hardening of armour plates. Lamp- 
black is now being manufactured from acetylene in 
Germany with considerable success, the product being 
of exceedingly good quality. 

It is probable also that the use of acetylene for gas- 
engines will obtain considerable importance, while the 
facility with which the gas can be converted into 
various organic substances may lead to impoiljant 
industries in the synthetical production of such sub- 
stances on a commercial scale. 

For further information on the subject of carbide of 
calcium and acetylene, the reader should refer to 
Professor Vivian Lewes' Acetylene. 
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IMPORTS OF PETROLEUM INTO THE UNITED KINGDOM 
DURING THE YEAR ENDED DECEMBER 31, igoo. 

(Stated in Barrels of 41 gallons each.) 
AMERICAN. 



Port. 


Ordinary 
KeroHene. 


Water- 
White 
Kerosene. 


Total 
Kerosene. 


Gas Oil. 


London 

Liverpool 

Manchester . 

Avonmouth . 

Htdl 

South Shields 

Sunderland 

Cardiff . 

Plymouth 

Southampton 

Swansea 

DubUn . 

Belfast . 


795,690 

274,680 

104,880 

816,270 

232,980 

97,800 

50,750 

28,020 

92,880 

22,010 

164,750 
97,840 


206,810 
71,870 
100 
20,100 
26,000 
12,620 

2,160 

5,290 
6,950 

851,900 


1,002,500 

846,450 

104,980 

836,870 

258,980 

110,420 

50,750 

23,020 

95,040 

22,010 

170,040 
104,290 


86,1^^ 

72,260 
42,150 

26,820 
6,550 


2,272,950 


2,624,850 


897,750 
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Port. 


Ordinary 


High Test 


Total 


Solar Oil 


Kerosene. 


Kerosene. 


Kerosene. 


Distillate. 


London . 


492,290 


106,560 


598,850 


355,810 


Liverpool 


73,620 


— 


73,620 


22,800 


Manchester . 


806,380 


77,420 


883,800 


57,230 


HuU 


82,510 


— 


32,510 


— 


South Shields 


55,160 


— 


55,160 


— 


Cardiff . 


71,580 


— 


71,530 


— 


Barrow . 


17,000 


— 


17,000 


— 


Southampton 


6,110 


— 


6,110 


— 


DubUn . 


11,250 


— 


11,250 


40,520 


Belfast . 


94,780 


— 


94,780 


37,320 


1,160,580 


188,980 


1,344,560 


518,680 



IMPORTS OF PETROLEUM INTO THE UNITED KINGDOM 
DURING THE YEAR ENDED DECEMBER 31, 1899. 

(Stated in Barrels of 41 gallons each.) 
AMERICAN. 



Port. 


Ordinary 
Kerosene. 


Water- 
White 
Kerosene. 


Total 
Kerosene. 


Gas Oil. 


London . 
Liverpool 
Manchester . 
Avonmouth . 
Hull . 
South Shields 
Sunderland . 
Cardiff . 
Plymouth 
Southampton . 
Barrow , 
Dublin . 
Belfast . 
Waterford 


863,260 

285,620 

90,860 

308,380 

247,780 

120,720 

75,580 

22,790 

66,140 

45,560 

50,870 

143,670 

76,710 

8,870 


211,460 
62,150 

18,040 
29,060 
14,520 

8,070 

2,950 
11,220 

80 


1,074,720 

347,770 

90,360 

326,370 

276,790 

135,240 

65,580 

22,790 

69,210 

45 560 

50,370 

146,620 

87,930 

3,950 

2,748,260 


180,970 
62,280 
65,160 
16,560 

26,880 

9,120 

48,020 


2,890,710 


852,550 


408,490 
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RUSSIAN. 



Port. 


Ordinary 
Kerosene. 


High Test 
Kerosene. 


Total 
Kerosene. 


Solar Oil 
Distillate. 


London . 
Liverpool . 
Manchester 
Hull 

South Shields 
Cardiff . 
Barrow . 
Belfast . 
Swansea . 




471,510 
89,520 

266,880 
16,080 
87,650 
84,150 
6,200 
76,120 


126,240 

7,380 

102,880 


597,750 
9«,900 

869,660 
16,080 
37,650 
34,150 
6,200 
76,120 


127,660 
57,610 

13,940 
5,640 






998,060 


236,450 


1,234,510 


204,850 



IMPORTS OF PETROLEUM SPIRIT IN BARRELS INTO 
THE UNITED KINGDOM DURINQ THE YEAR xgoo. 



Description. 


POBTS. 


London. 


Liverpool. 


Bristol 


Dublin. 




Ordinary and deo-^ 
dorised spirit / 

76 "^ Gasoline (Sp.\ 
Gr. -680) . / 

Benzine . 

Motor-car spirit 

Stove spirit . 


Barrels. 
85,80*7 

15,625 

2,750 

2,000 

50 


Barrels. 
52,500 

2,000 

6,100 

1,750 

100 


Barrels. 
8,050 

600 
700 

9,850 


Barrels. 
698 

698 

1 


Total 
Barrels. 

97,055 

18,225 

9,550 

8,750 

150 


56,282 


62,450 


128,780 

1 



Digitized by 



Google 



APPENDIX I. 



dOd 



IMPORTS IN CASES. 
(Each case containing two 4-gaUon tins). 





London. 


Liverpool. 


Bristol. 




Gasoline 


Cases. 
2,000 


Cases. 
5,000 


Cases. 
2,250 


Total 
Cases. 

9,250 



IMPORTS OF PETROLEUM SPIRIT IN BARRELS INTO 
THE UNITED KINGDOM DURING THE YEAR 1899. 



Description. 


Ports. 


London. 


Liverpool. 


Bristol. 


Hull. 




Ordinary and deo-^ 
dorised spirit / 

76° Gasoline (Sp.) 
Gr. -680) J 

Benzine 

Motor-car spirit . 


Barrels. 
42,588 

21,084 

1,600 
250 


Barrels. 
34,095 

4,850 
7,500 


Barrels. 
14,888 

1,650 
1,850 


Barrels. 

4,424 

700 

5,124 


Total 
Barrels. 

95,445 

27,784 

10,450 
250 


65,472 


45,945 


17,888 


188,929 



IMPORTS IN CASES. 
(Each case containing two 4-gaUon tins.) 





London. 


Liverpool. 


Bristol. 


Hull. 




Gasoline 


Cases. 
4,000 


Cases. 
8,000 


Cases. 
2,250 


Cases. 
100 


Total 
Cases. 

14,850 
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PETROLEUM ACT, Z871S AS AMENDED. 



An Act for the safe keeping of Petro- 
leum and other substances of a like 
nature. [August 21,1871.] 

1. This Act may be cited as '^The 
Petroleum Act, 1871." 

2. In this Act, if not inconsistent 
with the context, the following terms 
have the meanings hereinafter assigned 
to them ; (that is to say). 

The term " borough " means — 

In England any place for the time 
being subject to the proidsions of the 
Municipal Corporation Act, 1882, and 
the Acts amending the same : 

In Scotland any royal burgh and 
any burgh or town returning or con- 
tributing to return a member or mem- 
bers to serve in Parliament ; 

In Ireland any place for the time 
being subject to the provisions of the 
Act of the session of the third and 
fourth years of the reign of Queen 
Victoria, chapter one hundred and 
eight, ** for the regulation of municipal 
corporations in Ireland, and the Acts 
amending the same : " 

The term " person " includes a body 
corporate ; 

The term "Secretary of State" means 
one of His Majesty's Principal Secre- 
taries of State : 

The term "harbour" means any 



Remarks, 



Sect. 1, 1871. Short 
title of Act. 

Sect. 2, 1871. Inter- 
pretation of certain terms 
in the Act. 
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harbour properly 6o called, whether 
natural or artificial, and any port, 
haven, estuary, tidal river or other 
river, canal or inland navigation navi- 
gated by sea-going ships, and any 
dock, pier, jetty, or other works in or 
at which ships do or can ship or 
unship goods or passengers : 

The term "harbour authority" in- 
cludes any persons or person being or 
claiming to be proprietors or proprietor 
of or intrusted with the duty or 
invested with the power of improving, 
maintaining, or managing any har- 
bour: 

The term "ship** includes every 
description of vessel used in navigation, 
whether propelled by oars or otherwise : 
The term " Court of Summary Juris- 
diction " means and includes any jus- 
tice or justices of the peace, sheriff or 
sheriff substitute, metropolitan police 
magistrate, stipendiary or other magis- 
trate, or officer, by whatever name 
called, to whom jurisdiction is given 
by the Summary Jurisdiction Acts or 
any Acts therein referred to, or to 
proceedings before whom the provisions 
of the Summary Jurisdiction Acts are 
or may be made applicable : 

The term "county rate" means as 
regards Scotland the county general 
assessment leviable in pursuance of 
"The Oounty General Assessment (Scot- 
land) Act, 1868," and as regards Ire- 
land the grand jury cess. 

8. For the purposes of this Act the 
term "petroleum" includes any rock 
oil, Rangoon oil, Burmah oil, oil made 
from petroleum, coal, schist, shale, 
peat, or other bituminous substance, 
and any products of petroleum, or any 



Sect. 3, 1871. It will 
be seen that the general 
definition of "petroleum" 
includes not only the whole 
class of mineral oils (see 
chap, i.), but also "any 
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of the above-mentioned oils; and the 
term '^ petroleum to which this Act 
applies," means such of the petroleum 
so defined as, when tested in manner 
set forth in Schedule One to this Act, 
gives off an imflammable vapour at a 
temperature of less than seventy-three 
degrees of Fahrenheit's thermometer. 



A model of the apparatus for testing 
petroleum, as described in Schedule 
One to this Act, shall be deposited 



Remarks, 
products of petroleum." 
The definition would there- 
fore include such solid sub- 
stances as paraffin wax, 
and might even be held to 
cover other solid or liquid 
substances which are pro- 
duced less directly from 
petroleum, coal-tar, &c., 
and which may not even 
be inflammable. 

The definition is however 
narrowed down by the pro- 
vision that the Act shall 
only apply to such of these 
substances as have a flash- 
point below 73° Fahr. 
(see chap, v.) The pre- 
scribed method of deter- 
mining the flash-point will 
be found in the Schedule 
below. 

It has been decided by 
the King's Bench in the 
case of London County 
Council V. Holtzapf els Com- 
positions Company, Limi- 
ted, that the Act applies 
not only to petroleum by 
itself, but also to mixtures 
of petroleum with other 
substances, whenever such 
mixtures have a flash-point 
below 73° Fahr. India- 
rubber solution and certain 
quick-drying paints made 
with petroleum spirit, come 
therefore within the opera- 
tion of the Act. 

Sect. 8,1879. This Sec- 
tion provides for the veri- 
fication of the testing in* 
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with the Board of Trade, and the 
Board of Trade shall, on payment of 
such fee, not exceeding five shillings, 
as they from time to time prescribe, 
cause to be compared with such model 
and verified every apparatus construc- 
ted in accordance with Schedule One 
to this Act which is submitted to 
them for the purpose, and if the same 
is found correct shall stamp the same 
with a mark approved of by the Board 
and notified in the London Gazette. 

An apparatus for testing petroleum 
purporting to be stamped with the 
said mark shall, until the contrary is 
proved, be deemed to have been verified 
by the Board of Trade. 

All fees under this section shall be 
paid into the Exchequer. 

4. Every harbour authority shall 
frame and submit for confirmation to 
the Board of Trade by-laws for regu- 
lating the place or places at which 
ships carrying petroleum to which this 
Act applies are to be moored in the 
harbour over which such authority has 
jurisdiction, and are to land their 
cargo, and for regulating the time and 
mode of, and the precautions to be 
taken on, such landing. The harbour 
authority shall publish the by-laws so 
framed with a notice of the intention 
of such authority to apply for the 
confirmation thereof. The Board of 
Trade may confirm such by-laws with 
or without any omission, addition, or 
alteration, or may disallow the same. 

Every such by-law when confirmed 
shall be published by the harbour 
authority, and may be from time to 
time altered or repealed by a by-law 
made in like manner. By-laws under 



Rema/rka. 
strijment Regulations for 
such verification, issued by 
the Standards Department 
of the Board of Trade, will 
be found in Appendix VII. 



Sect. 4, 1871. Harbour 
authorities may, with the 
sanction of the Board of 
Trade, make by-laws under 
this Section regulating the 
following matters : 

(1) Places where ships 
carrying petroleum spirit 
are to be moored. 

(2) Places where such 
ships ara to land their 
cargo. 

(3) Time and mode of 
such landing. 

(4) Precautions to be 
taken in such landing. 

It will beseen that there is 
no power to make by-laws 
prohibiting the bringing of 
petroleum into the har- 
bour; nor is there power 
to regulate the shipping of 
petroleum, though this is 
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this section shall be published in such 
manner as the Board of Trade may 
from time to time direct. 

If at any time it appears to the 
Board of Trade that there is no by-law 
for the time being in force under this 
section in any harbour the Board of 
Trade may, by notice, require the 
harbour authority of such harbour to 
frame and submit to them a by-law 
for the purposes of this section, and if 
such harbour authority make default 
in framing a by-law and obtaining the 
confirmation thereof within the time 
limited by such notice the Board of 
Trade may make a by-law for the pur- 
poses of this section, and such by-law 
shall have the same effect as if it had 
been framed by the harbour authority 
and confirmed by the Board of Trade. 

Where any ship or cargo is moored, 
landed, or otherwise dealt with in con- 
travention of any by-law for the time 
being in force under this Act in any 
harbour, the owner and master of 
such ship, or the owner of such 
cargo, as the case may be, shall each 
incur a penalty not exceeding fifty 
pounds for each day during which such 
contravention continues, and it shall 
be lawful for the harbour-master or 
any other person acting under the 
orders of the harbour authority of 
such harbour to cause such ship or 
cargo to be removed, at the expense of 
the owner thereof, to such place as may 
be in conformity with the said by-law, 
and all expenses incurred in such re- 
moval may be recovered in the same 
manner in which penalties are by this 
Act made recoverable. 

6. The owner or master of every 



RemarkM, 
regulated to some extent 
by laying down the place 
where ships carrying petro- 
leum are to be moored. 

It is desirable that sepa- 
rate by-laws should be 
made for carbide of calcium . 

In Appendix V. will be 
found a .Model Code of 
harbour by-laws for petro- 
leum, and in Appendix 
XIII. a similai' code for 
carbide of calcium. These 
Model Codes have been pre- 
pared by the Home Office 
for the assistance of har- 
bour authorities, but they 
are in no way binding, and 
are subject to any modifi- 
cations or additions which 
may be rendered necessary 
by local requirements. 



Sect 5, 1871. It should 
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ship carrying a cargo any part of which 
consists of petroleum to which this 
Act applies, on entering any harbour 
within the United Kingdom, shall give 
notice of such cargo to the harbour 
authority having jurisdiction over such 
harbour. 

If such notice is not given the owner 
and master of such ship shall each incur 
a penalty not exceeding the sum of 
five hundred pounds, unless it is shown 
to the satisfaction of the court before 
which the case is tried that neither the 
owner nor the master knew the nature 
of the goods to which the proceedings 
relate, nor could with reasonable dili- 
gence have obtained such knowledge. 

6. Where any petroleum to which 
this Act applies — 

(a) Is kept at any place except 
during the seven days next 
after it has been imported ; or, 
(6) Is sent or conveyed by land or 
water between any two places 
in the United Kingdom ; or, 
(c) Is sold or exposed for sale ; 
the vessel containing such petroleum 
shall have attached thereto a label in 
conspicuous characters, stating the 
description of the petroleum, with the 
addition of the words ^* highly inflam- 
mable,'' and with the addition — 
(a) In the case of a vessel kept, of 
the name and address of the 
consignee or owner : 
(6) In the case of a vessel sent or 
conveyed, of the name and ad- 
dress of the sender : 
(o) In the case of a vessel sold or 
exposed for sale, of the name 
and address of the vendor. 
All petroleum to which this Act 



JRemarka, 
be noted that in cases where 
petroleum or carbide of 
calcium is shipped on a 
vessel without the know- 
ledge of the owner or mas- 
ter, the exemption from 
penalty can only be claimed 
if it is shown that such 
knowledge could not, with 
reasonable diligence, have 
been obtained. 



Sect 6, 1871. In the 
case of carbide of calcium 
the following marking is 
substituted : 

"CARBIDE of OAL- 
OIUM. DANGEROUS if 
not kept DRY." "The 
contents of this package 
are liable if brought into 
contact with moisture to 
give off a highly inflam- 
mable gas." 

The requirements as to 
the package bearing the 
name and address of the 
owner, sender, or vendor, 
are the same as for petro- 
leum. 
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applies which is kept, sent, conveyed, 
sold, or exposed for sale, in contraven- 
tion of this section, shall, together with 
the vessel containing the same, be 
forfeited, and in addition thereto the 
person keeping, sending, selling, or ex- 
posing for sale the same shall for each 
offence be liable to a penalty not ex- 
ceeding five pounds. 

7. Save as hereinafter mentioned, 
after the passing of this Act, petroleum 
to which this Act applies shall not be 
kept, except in pursuance of a licence 
given by such local authority as is in 
this Act mentioned. 

Ail petroleum kept in contravention 
of this section shall, together with the 
vessel containing the same, be forfeited, 
and in addition thereto the occupier of 
the place in which such petroleum is 
so kept shall be liable to a penalty not 
exceeding twenty pounds a day for 
each day during which such petroleum 
is so kept. 

This section shall not apply to any 
petroleum kept either for private use 
or for sale, provided the following con- 
ditions are complied with : 

(1) That it is kept in separate glass, 
earthenware, or metal vessels, each of 
which contains not more than a pint, 
and is securely stopped : 

(2) That the aggregate amount kept, 
supposing the whole contents of the 
vessels to be in bulk, does not exceed 
three gallons. 

8. The following bodies shall re- 
spectively be the local authority to 
grant licences under this Act in the 
districts hereinafter mentioned ; (that 
is to say), 

(1) In the City of London, except as 



Eemarks. 



Sect. 7, 1871. This sec- 
tion applies to keeping for 
private use or for manu- 
facture, as well as for sale ; 
but persons keeping petro- 
leum spirit for use in motor- 
cars are exempted from 
the necessity of licence, so 
long as they conform to 
the Regulations which will 
be found in Appendix IX. 

A licence is not required 
for a carriage in which 
petroleum is hawked. (See 
Petroleum Act, 1881, be- 
low,) 



Sect. 8, 1871. By the 
Local Government Acts, * 
the local authorities for 
petroleum have been al- 
tered as regards England 
and Wales. 
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hereafter in this section mentioned, the 
Court of the Lord Mayor and aldermen 
of the said city : 

(2) In the County of London, except 
the City of London, and except as here- 
after in this section mentioned, the 
County Council of London. 

(3) In any borough in England or 
Ireland, except as hereafter in this 
section mentioned, the mayor, alder- 
men, and burgesses acting by the 
council ; 

(4) (Repealed) 

(5) (Repealed) 

(6) In any borough in Scotland, 
except as hereafter in this section men- 
tioned, the town council : 

(7) In any place in Scotland, except 
as hereafter in this section mentioned, 
within the jurisdiction of police com- 
missioners or trustees exercising the 
functions of police commissioners under 
any general or local Act, and not being 
a borough or comprising any part of a 
borough, the police commissioners or 
trustees : 

(8) In any harbour within the juris- 
diction of a harbour authority, whether 
situate or not within the jurisdiction of 
any local authority before in this section 
mentioned, the harbour authority, to the 
exclusion of any other local authority : 

(9) In any place in which there is 
no local authority as before in this 
section defined, in England the District 
Council, in Ireland the justices in 
petty sessions assembled, and in Scot- 
land any two or more justices of the 
peace for the county sitting as judges 
in the justice of peace court. 

9. Licences in pursuance of this Act 
shall be valid if signed by two or more 



JRemarka, 

They may now be sum- 
marised as follows : 

In the City of London 
or any borough — ^the Cor- 
poration. 

In the County of London 
— ^the London County 
Council. 

In any harbour — the 
Harbour Authority. 

In any other place — the 
District Council. 

The local authority in 
Scotland and Ireland re- 
mains as in the Act. 



Sect. 9, 1871. The con- 
ditions which may be at- 
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of the persons constituting the local 
authority, or executed in any other 
way in which other licences, if any, 
granted by such authority are executed. 
Licences may be granted for a limited 
time and may be subject to renewal or 
not in such manner as the local au- 
thority think necessary. 

There may be annexed to any such 
licence such conditions as to the mode 
of storage, the nature and situation of 
the premises. in which, and the nature 
of the goods with which petroleum to 
which this Act applies is to be stored, 
the facilities for the testing of such 
petroleum from time to time, the mode 
of carrying such petroleum within the 
district of the licensing authority, and 
generally as to the safe keeping of such 
petroleum as may seem expedient to 
the local authority. 

Any licensee violating any of the 
conditions of his licence shall be deemed 
to be an unlicensed person. There may 
be charged in respect of each licence 
granted in pursuance of this Act such 
sum, not exceeding five shillings, as 
the local authority may think fit to 
charge. 



ReTtiarks. 
tached to a licence are as 
to: 

(1) Mode of storage. 

(2) Nature and situation 
of the premises. 

(3) Nature of the goods 
with which the petroleum 
may be stored. 

(4) Facilities for testing. 

(5) Mode of carrying 
petroleum within the dis- 
trict of the licensing au- 
thority. 

(6) General safe keeping 
of the petroleum. 

These powers are much 
wider than in the case of 
harbour by-laws, and would 
cover almost any condition 
which the local authority 
may consider necessary for 
safety. 

Forms of licence as used 
by the London County 
Council will be found in 
Appendix* VI. 

Before a licence is gran- 
ted, the officer of the local 
authority should inspect 
the premises, and ascertain 
whether the place is suit- 
able. For the precautions 
to be taken generally, and 
for remarks as to the suit- 
ability of places for keeping 
petroleum, see chap. ix. 

Li the case of petroleum 
or carbide of calcium for 
private use or for manu- 
facturing purposes, a term 
should be added to the 
licence to the effect that 
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10. If on any application for a licence 
under this Act the local authority refuse 
the licence, or grant the same only on 
conditions with which the applicant is 
dissatisfied, the local authority shall, if 
required by the applicant, deliver to 
him in writing under the hand or hands 
of one or more of the persons constitut- 
ing the local authority, a certificate of 
the grounds on which they refused the 
licence or annexed conditions to the 
grant thereof. 

The applicant within ten days from 
the time of the delivery of the certificate 
may transmit the same to a Secretary 
of State if the application is for a 
licence in England, to the Secretary for 
Scotland if the application is for a licence 
in Scotland, and to the Lord-lieutenant 
if the application is for a licence in 
Ireland, together with a memorial, 
praying that notwithstanding such re- 
fusal the licence may be granted, or 
that the conditions may not be imposed, 
or may be altered or modified in such 
manner and to such extent as may be 
set fortli in such memorial. 

It shall be lawful for the Secretary 
of State, the Secretary for Scotkmd^ or 
the Lord-Lieutenant, if he think fit, 
on consideration of such memorial and 
certificate, and, if he think it necessary 
or desirable, after due inquiry and a 
report by such person as he may appoint 
for that purpose, to grant the licence 
prayed for, either abbolutely or with 
such conditions as he thinks fit, or to 
alter or modify the conditions imposed 
by the local authority ; and the liQence 



Remarks. 
the officer of the local au- 
thority must be given free 
access to the premises. 

Sect. 10, 1871. This 
section provides for appeal 
in the case of a licence 
being refused by the local 
authority, or of the appli- 
cant being dissatisfied with 
the conditions imposed. In 
England the appeal must 
be made to the Home Secre- 
tary; in Ireland to the 
Lord-Lieutenant; and in 
Scotland to the Secretary 
for Scotland. (Secretary 
for Scotland Acts.) 

Any person making an 
appeal should first obtain 
the certificate required by 
the first paragraph of the 
section. 
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80 granted, or altered and modified, as 
the case may be, when certified under 
the hand of a Secretary of State, the 
Secretary for ScoUcmd^ or the Lord- 
Lieutenant, shall be to all intents as 
valid as if granted by the local 
authority. 

11. Any officer authorised by the 
local authority may purchase any petro- 
leum from any dealer in it, or may, on 
producing a copy of his appointment, 
purporting to be certified by the clerk 
or some member of the local authority, 
or producing some other sufficient 
authority, require the dealer to show 
him every or any place, and all or any 
of the vessels in which any petroleum 
in his possession is kept, and to give 
him samples of such petroleum on pay- 
ment of the value of such samples. 

When the officer has by either of the 
means aforesaid taken samples of petro- 
leum, he may declare in writing to the 
dealer that he is about to test the same, 
or cause the same to be tested, in 
manner set forth in Schedule One to 
this Act, and it shall be lawful for him 
to test the same or cause the same to 
be tested, at any convenient place at 
such reasonable time as he may appoint, 
and the dealer or any person appointed 
by him may be present at the testing, 
and if it appear to the officer or other 
person so testing that the petroleum 
from which such samples have been 
taken is petroleum to which this Act 
applies, such officer or other person may 
certify such fact, and the certificate so 
given shall be receivable as evidence in 
any proceedings that may be taken 
against a dealer in petroleum in pursu- 
ance of this Act ; but it shall be lawful 



Sect. 11, 1871. This 
section gives a right of 
purchasing samples, and of 
inspection of any premises 
on which petroleum, whe- 
ther spirit or oil, is kept for 
sale; but does not give a 
right of entry into a place 
where petroleum is kept 
for private use or for pur- 
poses of manufacture. 

The officer appointed by 
the local authority can 
only claim a right of entry 
into private premises or 
factories where he believes 
that petroleum spirit is 
kept, under a warrant as 
provided by Section 18, 
unless the place is licensed, 
and there is a term in the 
licence requiiing the occu- 
pier to allow him free 
access. 
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for a dealer proceeded against to give 
evidence in proof that such certificate 
is incorrect, and thereupon the court 
before which any such proceedings may 
be taken may, if such court think fit, 
appoint some person skiUed in testing 
petroleum to examine the samples to 
which such certificate relates, and to 
declare whether such certificate is correct 
or incorrect. 

Any expenses incurred in testing 
any petroleum of such dealer in purau- 
ance of this section shall, if such dealer 
be convicted of keeping, sending, convey- 
ing, selling, or exposing for sale, petro- 
leum in contravention of this Act, be 
deemed to be a portion of the costs of 
the proceedings against him, and shall 
be paid by him accordingly. In any 
other event such expenses shall be paid 
by the local authority out of any funds 
for the time being in their hands, and 
in case the local authority are the 
justices, out of the county rate. 

1 2* Any dealer who refuses to show 
to any officer authorised by the local 
authority every or any place or all or 
any of the vessels in which petroleum 
in his possession is kept, or to give him 
such assistance as he may require for 
examining the same, or to give to such 
officer samples of such petroleum on 
payment of the value of such samples, 
or who wilfully obstructs the local 
authority, or any officer of the local 
authority, in the execution of this Act, 
shall incur a penalty not exceeding 
twenty pounds. 

18. 'Where any court of summary 
jurisdiction is satisfied by information 
on oath that there is reasonable ground 
to believe that any petroleum to which 



Sect. 12, 1871. This 
section only applies to 
dealers, t,6., persons who 
keep petroleum for sale. 
(See remarks on preceding 
section.) 



Sect. 13, 1871. This 
section provides for entry 
and search for petroleum 
kept otherwise than for 
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this Act applies is being kept, sent, 
conveyed, or exposed for sale within 
the jurisdiction of such court in con- 
travention of this Act, at any place, 
whether a building or not, or in any 
ship or vehicle, such court shall grant a 
warrant by virtue whereof it shall be 
lawful for any person named in such 
warrant to enter the place, ship, or 
vehicle named in such warrant, and 
every part thereof, and examine the 
same and search for petroleum therein, 
and take samples of any petroleum 
found therein, and if any petroleum to 
which this Act applies be found therein, 
which is kept, sent, conveyed, or ex- 
posed for sale, in contravention of this 
Act, to seize and remove such petro- 
leum, and the vessel containing the 
same, and to detain such petroleum 
and vessel until some court of summary 
jurisdiction has determined whether the 
same are or are not forfeited, the pro- 
ceedings for which forfeiture shall be 
commenced forthwith after the seizure. 

Any person seizing any petroleum 
to which this Act applies in pursuance 
of this section shall not be liable to 
any suit for detaining the same, or for 
any loss or damage incurred in respect 
of such petroleum, otherwise than by 
any wilful act or neglect while the same 
is so detained. 

If any petroleum to which this Act 
applies is seized in pursuance'of this sec- 
tion in*any ship or vehicle, the person 
seizing the same may use for the purposes 
of the removal thereof, during twenty- 
four hours after theseizure,the said ship 
or vehicle, with the tackle, beasts, and 
aecoutrements belonging thereto, and 
;f he do so shall pay to the owne^ 



Remarks. 
sale. (See remarks on Sec- 
tion 11.) 
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thereof a reasonable recompense for 
the use thereof, and the amount of 
such recompense shall, in case of dis- 
pute, be settled by the court of summary 
jurisdiction before whom proceedings 
for the forfeiture are taken, and may 
be recovered in like manner as penalties 
under this Act may be recovered. 

Any person who, by himself or by 
any one in his employ or acting by his 
direction or with his consent, refuses 
or fails to admit into any place occu- 
pied by or under the control of such 
person, any person demanding to enter 
in pursuance of this section, or in any 
way obstructs or prevents any person 
in or from making any such search, 
examination, or seizure, or taking any 
such samples as authorised by this sec- 
tion, shall be liable to pay a penalty 
not exceeding twenty pounds, and to 
forfeit all petroleum to which this Act 
applies which is found in his possession 
or under his control. 

14, His Majesty may from time to 
time make, revoke, and vary Orders 
in Council directing this Act or any 
part thereof to apply to any substance, 
and this Act, or the part thereof speci- 
fied in the Order shall, during the 
continuance of the Order, apply to such 
substance, and shall be construed and 
have effect as if throughout it such 
substance had been included in the 
definition of petroleum to which this 
Act applies, subject to the following 
qualifications : 

(1) The quantity of any substance 
to which this Act is directed by Order 
in Council to apply, which may be kept 
without a licence, shall be such quantity 
onl^ as is specified in that behalf in 



Sect. 14, 1871. The only 
substance brought under 
the operation of the Act 
by this section is carbide 
of calcium. The Orders in 
Council will be found in 
Appendix XII. 
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such order, or if no such quantity is 
specified no quantity may be kept 
without a licence : 

(2) The label on the vessel containing 
such substance shall be such as may be 
specified in that behalf in the order. 

15* In England and Ireland all 
ofiences and penalties imder this Act, 
and all money and costs directed by 
this Act to be recovered as penalties, 
may be prosecuted and recovered in 
manner provided by the Summary 
Jurisdiction Acts. 

In Scotland all offences and penalties 
under this Act, and all money aud 
expenses by this Act directed to be 
recovered as penalties, shall, save as 
hereinafter provided, be prosecuted 
and recovered at the instance of the 
procurator fiscal or of any officer autho- 
rised in that behalf by the harbour 
authority or local authority under the 
provisions of the Summary Jurisdiction 
Acts before a court of summary juris- 
diction, and all necessary powers and 
jurisdictions are hereby conferred on 
such court in Scotland. 

Provided as follows : 

(1) A court of summary jurisdiction 
shall not impose a penalty exceeding 
fifty pounds, but any such court may 
impose that or any less penalty for any 
one offence, notwithstanding the offence 
involves a penalty of higher amount. 

(2) In Scotland any penalty exceed- 
ing fifty poimds shall be recovered and 
enforced in the same manner in which 
any penalty due to His Majesty under 
any Act of Parliament maybe recovered 
and enforced. 

(8) The "Court of Summary Juris- 
diction,*' when hearing and determining 



Sect. 15, 1871. This 
section deals with proceed- 
iugs for offences and penal- 
ties. 
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an information or complaint, shall be 
constituted in some one of the following 
manners ; (that is to say), 

(a) In England, either of two or 
more justices of the peace in 
petty sessions sitting at a place 
appointed for holding petty ses- 
sions, or of one of the magistrates 
hereinafter mentioned, sitting 
alone or with others at some 
court or other place appointed 
for the administration of justice ; 
that is to say^ the Lord Mayor, 
or any alderman of the City of 
London, a metropolitan police 
magistrate, a stipendiary magis- 
trate, or some other officer or 
officers for the time being em- 
powered by law to do alone or 
with others any act authorised 
to be done by more than one 
justice of the peace ; 
{b) In Scotland, of two or more 
justices of the peace sitting as 
judges in a justice of the peace 
court, or of one of the magis- 
trates hereinafter mentioned 
sitting alone or with others at 
some court or other place ap- 
pointed for the administration 
of justice; that is to say, the 
sheriff of the county or his 
substitute, or the provost or 
other magistrate of a royal 
burgh, or some other officer or 
officers for the time being em- 
powered by law to do alone or 
with others any act authorised 
to be done by more than one 
justice of the peace : 
(c) In Ireland, within the police 
district' of Dublin Metropolis, 
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of one of the divisioiial justices 
of the police district of Duhlin 
Metropolis, sitting at a police 
court within the said district; 
and elsewhere, of a stipendiary 
magistrate, sitting alone or with 
others, or of two or more justices 
of the peace in petty sessions, 
sitting at a place appointed for 
holding petty sessions. 

(4) Eepealed. 

(5) Repealed. 

(6) No conviction or order made in 
pursuance of this Act shall he quashed 
for want of form or he removed hy 
certiorari or otherwise, either at the 
instance of the Crown or of any private 
party, into any superior court. 

(7) Repealed. 

(8) In Scotland all penalties imposed 
under the provisions of this Act hy a 
Court of Summary Jurisdiction may 
he enforced in default of payment hy 
imprisonment for a term not exceeding 
three calendar months; and all such 
penalties recovered and the proceeds of 
all forfeitures sold under this Act shall 
he paid to the clerk of the Court of 
Summary Jurisdiction, and by him 
accounted for and paid to the persons 
and for the purposes under stated ; (that 
is to say), 

(a) To the King's and Lord Trea- 

surer's Remembrancer, on be- 
half of His Majesty, when the 
court is the sheriffs court : 

(b) To the collector of county rates 

in aid of the general county 
assessment when the court is 
the justice of the peace court : 

(c) To the treasurer of the burgh in 

aid of the funds of the bur^h 
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when the court is a burgh 
court 

(9) In Ireland all penalties recovered 
under the provisions of this Act shall 
be applied according to the Fines, 
Ireland, Act, 1851, or any Act amend- 
ing the same. 

16. All powers given by this Act 
shall be deemed to be in addition to 
and not in derogation of any other 
powers conferred on any local or 
harbour authority by Act of Parliament, 
law, or custom, and every local autho- 
rity and harbour authority may exerdse 
such other powers in the same manner 
as if this Act had not passed ; and 
nothing in this Act contained shall be 
deemed to exempt any person from any 
penalty to which he would otherwise 
be subject in respect of a nuisance. 

The Petroleum Act, 1871, shall 
continue in force until otherwise 
directed by Parliament. 



Sect. 16, 1871. This 
section provides for the 
reservation of previous 
powers. It is not, however, 
desirable that harbour au- 
thorities should make by- 
laws for petroleum in virtue 
of powers which they may 
have under some other Act. 



Sect. 4, 1879. The Petro- 
leum Act, 1871, was re- 
newed annuaUy until 1879, 
when it was made perma- 
nent. 



SCHEDULE ONE. 

Petroleum Act, 1879. 

(42 & 43 Vict. c. 47.) 
Mods of Tsstinq Pbtbolbum so as to ascertain thb Tbh peraturb 

AT WHICH IT WILL GIVE OFF InFLAHMABLE YaPOUB. 



The oil-cup consists of a cylindrical 
vessel 2r diamet^, 2^" height (in- 
ternal), with outward projecting rim ^'' 
wide, f " from the top, and If from the 
bottom of the cup. It is made of gun 
metal or brass (1 7 B. W.O.) tinned inside. 
A bracket, consisting of a short stout 



XxpUmatory Remarks, 
Pig. 1 [a]. Plate II. 
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piece of wire bent upwards and termi- 
nating in a point, is fixed to the inside 
of the cup to serve as a gauge. The 
distance of the point from the bottom 
of the cup is 1^". The cup is provided 
with a ciose-fittiog overlapping cover 
made of brass (22 B.W.G.), which 
carries the thermometer and test lamp. 
The latter is suspended from two sup- 
ports from the side by means of trun- 
nions upon which it may be made to 
oscillate ; it is provided with a spout, 
the mouth of which is one-sixteenth of 
an inch in diameter. The socket which 
is to hold the thermometer is fixed at 
such an angle and its length is so 
adjusted that the bulb of the ther- 
mometer when inserted to its full depth 
shall be Ij" below the centre of the 
lid. 

The cover is provided with three 
square holes, one in the centre, ^" by 
^", and two smaller ones, ^" by ^", 
close to the sides and opposite each 
other. These three holes may be 
closed and uncovered by means of a 
slide moving in grooves, and having 
perforations corresponding to those on 
the lid. 

In moving the slide so as to uncover 
the holes, the oscillating lamp is caught 
by a pin fixed in the slide, and tilted 
in such a way as to bring the end of 
the spout just below the surface of the 
lid. Upon the slide being pushed 
back so as to cover the holes, the lamp 
returns to its original position. 

Upon the cover, in front of and in 
line with the mouth of the lamp, is 
fixed a white bead,* the dimensions of 
which represent the size of the test 
fiame to be used. 
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Figs. 1, 2, 3, 4. 



Fig. 2. 



Figs. 3, 4, 7. 



♦ (i) Figs. 1, 2, 3, 4. 
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The bath or heated vessel consists of 
two flat-bottomed copper cylinders 
(24 B.W.G.), an inner one of 8" dia- 
meter and 2^" height, and an outer 
one of 5 J" diameter and 5J" height ; 
they are soldered to a circular copper 
plate (20 B.W.Q.) perforated in the 
centre, which forms the top of the 
bath, in such a manner as to enclose 
the space between the two cylinders, 
but leaving access to the inner cylinder. 
The top of the bath projects both out- 
wards and inwards about |" ; that is, 
its diameter is about f " greater than 
that of the body of the bath, while the 
diameter of the circular opening in the 
centre is about the same amount less 
than that of the inner copper cylinder. 
To the inner projection of the top is 
fastened, by six small screws, a flat 
ring of ebonite, the screws being sunk 
below the surface of the ebonite, to 
avoid metallic contact between the 
bath and the oil cup. The exact dis- 
tance between the sides and bottom 
of the bath and of the oil-cap is 
J".* A split socket t similar to that 
on the cover of the oil-cup, but set at 
a right angle, allows a thermometer to 
be inserted into the space between the 
two cylinders. The bath is further 
provided with a funnel, | an overflow 
pipe,§ and two loop handles.|| 

The bath rests upon a cast-iron 
tripod stand, to the ring of which is 
attached a copper cylinder or jacket * 
(24 B.W.G.) flanged at the top, and of 
such dimensions that the bath, while 
firmly resting on the iron ring, just 
touches with its projecting top the 
inward-turned flange. The diameter 
of this outer jacket is 6^''. One of the 



ExplcmcOory Eemarke. 
Fig. 1 [b]. 



Kg. 1 (h). 



* This statement relates 
to the distance between 
the sides and bottom of 
the cup and the walls of 
the irmer cylinder, which 
forms the air chamber. 

t Fig. 1(e) t{d)' 
§(/)■ II (^fl'). 

• Kg. 1 [o]. 
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three legs of the stand serves as sup- 
port for the spirit lamp attached to it 
by means of a small swing bracket.* 
The distance of .the wick holder f from 
the bottom of the bath is 1''.* 

Two thermometers are provided with 
the apparatus^ the one for ascertaining 
the temperature of the bath, the other 
for determining the flashing point. 
The thermometer for ascertaining the 
temperature of the water has a long 
bulb and a space at the top. Its range 
is from about 90° to 190° Fahrenheit. 
The scale (in degrees of Fahrenheit) is 
marked on an ivory back fastened to 
the tube in the usual way. It is fitted 
with a metal collar, fitting the socket, 
and the part of the tube below the 
scale should have a length of about 
3^'' measured from the lower end of 
the scale to the end of the bulb. The 
thermometer for ascertaining the 
temperature of the oil is fitted with 
collar and ivory scale in a similar 
manner to the one described. It has 
a round bulb, a space at the top, and 
ranges from about 55° F. to 150° F. ; 
it measures from end of ivory back to 
bulb 2i". 

NoTB. — A model apparatus is de- 
posited at the Weights and Measures 
Department of the Board of Trade. 

DiESCnONS FOB APPLYIKO TAB 

Flashing TBerr. 

(1) The test apparatus is to be 
placed for use in a position where it 
is not exposed to currents of air or 
draughts. 

(2) The heating vessel or water bath 
is filled by pouring water into the 
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♦ Fig. 1 (a). 

t(o). 

* The lamp is filled 
through the funnel 5. 

In both thermometers 
the capillary tube is 
widened at the top to 
prevent breakage through 
over-heating. The line on 
the scale of the long bulb 
thermometer indicating 
180°, is rendered conspi- 
cuous by being drawn 
across the whole width of 
the ivory back. In a similar 
manner the' line indicating 
73° is specially marked on 
the round bulb thermo- 
meter. 
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funnel until it begins to flow out at 
the spout of the vessel. The tempera- 
ture of the water at the commence- 
ment of the test is to be 130° Fahren- 
heit, and this is attained in the first 
instance either by mixing hot and cold 
.water in the bath, or in a vessel from 
which the bath is filled, until the 
thermometer which is provided for 
testing the temperature of the water 
gives the proper indication ; or by 
heating the water with the spirit lamp 
(which is attached to the stand of the 
apparatus) until the required tempera- 
ture is indicated. 

If the water has been heated too 
highly, it is easily reduced to 180° by 
pouting in cold water little by little 
(to replace a portion of the warm 
water) until the thermometer gives the 
proper reading. 

When a test has been completed, 
this water bath is again raised to 180° 
by placing the lamp underneath, and 
the result is readQy obtained while the 
petroleum cup is being emptied, cooled, 
and refilled with a fresh sample to be 
tested. The lamp is then turned on 
its swivel from under the apparatus, 
and the next test is proceeded 
with. 

(8) The test lamp is prepared for 
use by fitting it with a piece of flat 
plaited candle wick, and filling it with 
colza or rape oil up to the lower edge 
of the opening of the spout or wick 
tube. The lamp is trimmed so that 
when lighted it gives a flame of about 
0*15 of an inch diameter, and this size 
of flame, which is represented by the 
projecting white bead on the cover of 
the oil-cup, is readily maintained by 
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simple manipulation from time to time 
with a small wire trimmer. 

When gas is available it may be 
conveniently used in place of the little 
oil-lamp, and for this purpose a test- 
iiame arrangement for use with gas 
may be substituted for the lamp. 

(4) The bath having been raised to 
the proper temperature, the oil to be 
tested is introduced into the petroleum 
cup, being poured in slowly* until the 
level of the liquid just reaches the 
point of the gauge which is fixed 
in the cup. In warm weather the 
temperature of the room in which 
the samples to be tested have been 
kept should be observed in the first 
instance, and if it exceeds 65° the 
samples to be tested should be cooled 
down (to about 60°) by immersing the 
bottles containing them in cold water, 
or by any other convenient method. 
The lid of the cup, with the slide closed, 
is then put on, and the cup is placed 
into the bath or heating vessel. The 
thermometer in the lid of the cup has 
been adjusted so as to have its bulb 
just immersed in the liquid, and its 
position is not under any circumstances 
to be altered. When the cup has been 
placed in the proper position, the scale 
of the thermometer faces the operator. 

(5) The test lamp is then placed in 
position upon the lid of the cup, the 
lead line or pendulum, which has been 
fixed in a convenient position in front 
of the operator, is set in motion, and 
the rise of the thermometer in the 
petroleum cup is watched. When the 
temperature has reached about 66° the 
operation of testing is to be commenced, 
the test-flame being apphed once for 



♦ In pouring in the oil 
to be tested, great care 
should be taken not to 
splash it against the sides 
of the cup. 
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every rise of one degree, in the fol- 
lowing manner : — 

The slide is slowly drawn open while 
the pendulum performs three oscilla- 
tions, and is closed during the fourth 
oscillation. 

Note, — If it is desired to employ 
the test apparatus to determine the 
flashing points of oils of very low vola- 
tility, the mode of proceeding is to he 
modified as follows : — 

The air-chamher which surrounds 
the cup is filled with cold water to a 
depth of 1^ inches, and the heating 
vessel or water-hath is filled as usual, 
]but also with cold water. The lamp is 
then placed under the apparatus and 
kept there during the entire operation. 
If a very heavy oil is heiug dealt with, 
the operation may he commenced with 
water previously heated to 120° instead 
of with cold water. 
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For explanation as to the 
use of the pendulum see 
p. 86. 
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DIRECTIONS FOR DRAWING THE SAMPLE AND PREPAR- 
ING IT FOR TESTING IN TROPICAL CLIMATES. 

(1) Draiowig the Sample, — In all cases the testing officer, or some 
person duly authorised by him, shall personally superintend the 
drawing of the sample from an original unopened tin or other 



An opening sufficiently large to admit of the oil being rapidly 
poured or siphoned from the tin or other vessel shall be made. 

Two bottles, each of the capacity of about 40 fluid ounces, are to 
be filled with the oil. One of these, the contents of which are 
intended to be preserved for reference in case of need, is to be care- 
fully corked, the cork being well driven home, cut off level with the 
neck, and melted sealing-wax worked into it. The other bottle may 
be either stoppered or corked. 

(2) Preparing the Sample for Testing, — About 10 fluid ounces of 
the oil, sufficient for three tests, are transferred from the bottle into 
which the sample has been drawn to a pint flask or bottle, which is 
to be immersed in water artificially cooled, until a thermometer, 
introduced into the oil, indicates a temperature not exceeding 50° F. 



DIRECTIONS FOR PREPARING AND USING THE TEST 
APPARATUS IN TROPICAL CLIMATES. 

(3) PrepaHng the Water-Bath. — The water-bath is filled by pouring 
water into the funnel until it begins to flow out at the overflow pipe. 
The temperature of the water at the commencement of each test, as 
indicated by the long-bulb thermometer, is to be 180° F., and this is 
attained in the first instance by mixing hot and cold water, either in 
the bath or in a vessel from which the bath is filled, until the 
thermometer which is provided for testing the temperature of the 
water gives the proper indication ; or the water is heated by means 
of a spirit-lamp (which is attached to the stand of the apparatus) 
until the required temperature is indicated. 



Digitized by 



Google 



APPENDIX III. 229 

(4) Preparing ths Test-Lamp. — ^The test-lamp is fitted with a piece 
of cylindrical wick of such thickness that it fills the wick-holder, but 
may readily be moved to and fro for the purpose of adjusting the 
size of the flame. In the body of the lamp, upon the wick, which is 
coiled within it, is placed a small tuft of cotton wool, moistened with 
petroleum, any oil not absorbed by the wool being removed. When 
the lamp has been lighted, the wick is adjusted by means of a pair of 
foi*ceps or a pin, until the flame is the size of the bead fixed on the 
cover of the oil-cup ; should a particular test occupy so long a time 
that the flame begins to get smaller, through the supply of oil in the 
lamp becoming exhausted, three or four drops of petroleum are 
allowed to fall upon the tuft of wool in the lamp from the di'opping- 
bottle or pipette provided for the purpose. This can be safely done 
without interrupting the test.* 

(5) Filling the Oil-Gup. — Before the oil-cup is filled, the lid is to 
be made ready for being plac^ed upon the cup — i.e., the round-bulb 
thermometer is to be inserted into the socket (so that the projecting 
rim of the collar with which it is fitted touches the edge of the 
socket), and the test-lamp is to be placed in position. The oil-cup, 
having been previously cooled by placing it bottom downwards in 
water at a temperature not exceeding 50° F., is now to be lapidly 
wiped dry, placed on a level surface in a good light, and the oil to be 
tested is poured in without splashing until its surface is level with 
the point of the gauge which is fitted in the cup. The lid is then 
put on the cup at once, and pressed down so that its edge rests on 
the rim of the cup. 

(6) Application of the Teat. — ^The water-bath, with its thermo- 
meter in position, is placed in some locality where it is not exposed 
to currents of air, and where the light is sufliciently subdued to 
admit of the size of the entire test-flame being compared with that 
of the bead on the cover. The cup is carefully lifted, without 
shaking it, and placed in the bath, the test-lamp is lighted, and the 
clockwork wound up by turning the key.f The thermometer in the 
oil-cup is now watched, and when the temperature has reached 
56° F. the clockwork is set in motion by pressing the trigger 

If no flash takes place, the clockwork is at once re-wound, and the 
trigger pressed at 57° F., and so on at every degree rise of tempera- 
ture until the flash occurs, or until a temperature of 95° F. has been 
reached. 

If the flash takes place at any temperature below 77° F., the 

* These BOggestions will be found of value in the use of the instrument in a 
temperate climate also. 

f This refers to the Abel-Peosky apparatus. 
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temperature at which it occurs is to be recorded. The fresh 
portions of the sample are then to be successively tested in a similar 
manner and the results recorded. If no greater difference than 
2° F. exists between any two of the* three recorded results, each 
result is to be corrected for atmospheric pressure, as hereafter 
described, and the average of the three corrected results is the 
flashing-point of the sample. In the event of there being a gi'eater 
difference than 2° F. between any two of the results, the series of 
tests is to be rejected, and a fresh series of three similarly obtained, 
and so on until a sufficiently concordant series is furnished, when 
the results are to be corrected and the average taken in the manner 
already described. 

No flash which takes place within 8° of the temperature at which 
the testing is commenced shall be accepted as the true flashing-point 
of the sample tested. In the event of a flash occurring at or below 
64° when the test is applied in the manner above described, the 
next testing shall be commenced 10° lower than the temperature at 
which the flash had been previously obtained — ^that is to say, at 54° 
or thereunder, and this procedure shall be continued until the 
results of three consecutive tests do not show a greater difference 
than 2°. 

If a temperature of 76° F. has been reached without a flash 
occurring, the application of the test-flame is to be continued until a 
temperature of 95° F. has been reached. If no flash has occurred up 
to this point, and if the petroleum is declared to be imported 
subject to the provisions of the Act,* the tests shall not be continued, 
and the testing officer shall certify that the petroleum has a flashing- 
point of over 95° and is not dangerous. But if the petroleum is 
oil ordinarily used for lubricating purposes, and is declared to have 
its flashing-point at or above 200°, or is oil to which a notification of 
the Governor in Executive Council exempting it from the operation 
of the Act will be applicable in the event of the flashing-point being 
found to be at or above 120°, the test shall be continued as follows : 
The oil-cup is to be removed from the water-bath, and the tempera- 
ture of the water in the water-bath is to be reduced to 95° F. by 
pouring cold water into the funnel (the hot water escaping by the 
overflow pipe). The air chamber is then to be filled to a depth of 
1 J inch with water at a temperature of about 95° F., the oil-cup is to be 
replaced in the water-bath, and the spirit-lamp attached to the water- 
bath is to be lighted and placed underneath. The test-flame is then 
to be again applied from 96° F., at every degree rise of temperature 
as indicated by the thermometer in the oil-cup, until a flash takes 

• The Indian Petroleum A« t is here referred to. 
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place, or until a temperature of 200° F. or 120° F., as the case may 
be, has been reached. If during this operation the test-flame 
appears to diminish in size, the lamp is to be replenished in the 
manner prescribed at (4) without interrupting the test. 

If a flash occurs at any temperature between 76° and 200° F. 
the temperature at which it occurs, subject to correction for atmo- 
spheric pressure, is the flashing-point of the sample. 

In repeating a test, a fresh sample of oil must always be used, the 
tested sample being thrown away, and the cup must be wiped dry 
from any adhering oil, and cooled, as already described, before 
receiving the fresh sample. 

(7) Correction for Atmospheric Preasu/re, — As the flashing-point 
of an oil is influenced by changes in atmospheric pressure to an 
average extent of 1*6° F. for every inch of the barometer, a correction 
of the observed flashing-point may become necessary. The height of 
the barometer must, therefore, be determined at the time of making 
the test for the flashing-point. An aneroid barometer is supplied 
for this purpose. To facilitate the correction of a flashing-point for 
pressure a table is appended,* giving flashing-points of oils ranging 
from 65° to 80° F., under pressures ranging from 27 to 31 inches of 
mercury. 

The table is used in the following manner : — 

Example, — ^An oil has given a flashing-point of 71°, the barometer 
being at 28*6 in.; take the nearest number to 71° in the vertical 
column headed 28-6. This number is 70-8. Substitute for this the 
number in the same horizontal line in the column headed 30 (the 
normal height of the barometer). The substituted number — t.e., the 
true flashing-point of the oil — is 73°. 

* This table will be found in Appendix VIII. 
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PETROLEUM (HAWKERS) ACT, 1881. 

Ohaptee 67. 

A.D. z88z. An Act to regulate the hawking of Petroleum and other substances 
of a like nature. [August 27, 1881.] 

Be it enacted by the Queen's most Excellent Majesty, by and with 
the advice and consent of the Lords Spiritual and Temporal, and 
Commons, in this present Parliament assembled, and by the 
authority of the same, as follows : 

Power to 1* Any person who is licensed in pursuance of the Petroleum 

hawk Act, 1871, to keep petroleum to which that Act applies may, subject 

^1 &^ ^^V' t *^ *^® enactments for the time being in force with respect to 
c. Z05. hawkers and pedlars, hawk such petroleum by himself ot his 

servants. 
Regulations 2. With respect to the hawking of petroleum to which the 
for hawking Petroleum Act, 1871, applies, the following regulations shall be 
petroleum, observed: 

(1) The amount of petroleum conveyed at one time in any one 
carriage shall not exceed twenty gallons : 

(2) The petroleum shall be conveyed in a closed vessel so con- 
structed as to be free from leakage : 

(3) The carriage in which the vessels containing the petroleum 
are conveyed shall be so ventilated as to prevent any evaporation 
from the petroleum mixing with the air in or about the carriage in 
such proportion as to produce or be liable to produce an explosive 
mixture : 

(4) Any fire or light or any article of an explosive or highly 
inflammable nature shall not be brought into or dangerously near 
to the carriage in which the vessels containing the petroleum are 
conveyed : 

(5) The carriage in which the vessels containing the petroleum 
are conveyed shall be so qonstrupted or fitt^ that the petroleum 
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cannot escape therefrom in the form of liquid, whether ignited or 
otherwise : 

(6) Proper care shall be taken to prevent any petroleum escaping 
into any part of a house or building, or of the curtilage thereof, or 
into a drain or sewer: 

(7) The petroleum shall be stored in some premises licensed for 
keeping of petroleum and in accordance with the licence for such 
premises both every night and also when the petroleum is not in the 
course of being hawked : 

(8) All due precautions shall be taken for the prevention of 
accidents by fire or explosion, and for preventing unauthorised 
persons having access to the vessels containing the petroleum, and 
every person concerned in hawking the petroleum shall abstain 
from any act whatever which tends to cause fire or explosion, 
and is not reasonably necessary for the purpose of such hawking : 

(9) No article or substance of an explosive or inflammable 
character other than petroleum, nor any article liable to cause 
or communicate fire or explosion, shall be in the carriage while 
such carriage is being used for the purpose of hawking petro- 
leum : 

In the event of any contravention of this section with reference 
to any petroleum, the petroleum, together with the vessels contain- 
ing and the carriage conveying the same, shall be liable to be 
forfeited, and in addition thereto the licensee by whom or by whose 
servants the petroleum was being hawked shall be liable on summary 
conviction to a penalty not exceeding twenty pounds. 

Provided that — 

(1) Where some servant of the licensee or other person has in 
fact committed the offence, such servant or other person shall be 
liable to the t^ame penalty as if he were the licensee : 

(2) Whei'e the licensee is charged with a contravention of this 
section, he shall be entitled upon information duly laid by him to 
have any other person whom he charges as the actual offender 
brought before the court at the time appointed for hearing the 
charge, and if the licensee proves to the satisfaction of the court 
that he had used due diligence to enforce the execution of this 
section, and that the said other person had committed the offence 
in question without his knowledge, consent, or connivance, the said 
other person shall be summarily convicted of such offence, and the 
licensee shall be exempt from any penalty. 

Any petroleum other than that to which the Petroleum Act, 
1871, applies while in any carriage used for the hawking of petro- 
leum to which the PetrQleuip Act, 1871, applies, shall for the 
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purposes of this section be deemed to be petroleum to which the 
Petroleum Act, 1871, applies. ' 

3* Any conditions annexed to a licence granted in pursuance of 
the Petroleum Act, 1871, either before or after the passing of this 
Act, shall, so far as they are inconsistent with this Act, be void, 
but save as aforesaid nothing in this Act shall affect the application 
to a licensee of the provisions of the Petroleum Act, 1871, or of any 
licence granted thereunder. 

4. Where a constable or any officer authorised by the local 
authority has reasonable cause to believe that a contravention of this 
Act is being committed in relation to any petroleum, he may seize 
and detain such petroleum and the vessels and carriage containing 
the same, until some court of summary jurisdiction has determined 
whether there was or not a contravention of this Act, and section 
thirteen of the Petroleum Act, 1871, shall apply to such constable 
and officer as if he were the person named in the warrant mentioned 
in that section, and as if the seizure were a seizure in pursuance of 
that section. 

5. Nothing in this Act contained shall extend to authorise the 
hawking of petroleum within the limits of any municipal borough in 
which, by any lawful authority, such hawking shall have been or 
may hereafter be forbidden. 

6. For the purposes of this Act — 

The expression "carriage" includes any carriage, waggon, cart, 
truck, vehicle, or other means of conveyance by land, in whatever 
manner the same may be drawn or propelled ; and 

A person shall be deemed for the purposes of this Act to hawk 
petroleum if by himself or his servants he goes about carrying 
petroleum to sell, whether going from town to town or to other 
men's houses, or selling it in the streets of the place of his residence 
or otherwise, and whether with or without any horse or other beast 
bearing or drawing burden. 

7* This Act may be cited as the Petroleum (Hawkers) Act, 1881. 

This Act shall be construed afi one with the Petroleum Acts, 
1871 and 1879, and together with those Acts may be cited as the 
Petroleum Acts, 1871 to 1881. 
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MODEL CODE. 

Petroleum Acts, 1871 to 1881. 

Harbour of 

BY-LAWS 
Made by the with the sanction 

of the Board of Trade. * 

19 . 

(1) These By-laws shall apply to all parts of the Harbour of Application. 

within the jurisdiction of the the 

limits of whose jurisdiction are set forth in the Schedule hereto. 

(2) The expressions contained in these By-laws shall have the Interpreta- 
meanings respectively assigned to them in the Petroleum Acts, 1871 ^^^^' 

and 1879, and in this By-law. 

'^Petroleum" shall have the same meaning as '* petroleum to 
which this Act applies " in the Petroleum Act, 1871, as amended 
by the Petroleum Act, 1879, and shall not include carbide of 
calcium. 

'' Petroleum ship " shall mean any ship having on board petroleum 
as cargo. 

" Owner " shall mean Owner or Master of the petroleunx ship or 
the owner of the petroleum. 

" Harbour Master " shall mean the Harbour Master or other officer 
duly appointed by the Harbour Authority or any person having 
authority to act in such capacity. 

" Quay " shall mean any quay, pier, jetty, wharf, landing stairs, 
shore or other landing place within the Harbour. 

(3) The Master of every petroleum ship shall, on nearing the Red flag or 
Harbour, and during the time that such ship remains in the Harbour, ^^S^^- 
display by day a red flag not less than 8 feet square, and by night a 

red light, on the masthead (or, if the said ship has no mast, on a 
stafi). 

(4) The Owner of every petroleum ship on entering the Harbour NoUcci 



Digitized by 



Google 



236 



HANDBOOK ON PETROLEUM. 



Berthing of 
ship. 



General 
Rules for 
landing 
petroleum. 



Bhall, without delay, inform the Harbour Master of the quantity of 
petroleum on his ship and of the manner in which such petroleum 
is stored, and this shall be deemed to be the notice to the harbour 
authority required by Section 5 of the Petroleum Act, 1871. 

(5) The Master of every petroleum ship shall anchor or moor his 
ship only at such place as the Harbour Master shall from time to time 
direct, and shall not remove his ship therefrom, except for the 
purpose of leaving the Harbour, without the written order or permis- 
sion of the Harbour Master. No petroleum ship shall bp anchored or 
moored at any place other than that approved by the Harbour 
Master, whether for the purpose of landing or shipping petroleum or 
otherwise. 

(6) The following General Rules in respect of the unloading of 
petroleum within the Harbour shall be duly observed : — 

(a) Before any petroleum is landed the Owner shall give due 

notice*to the Harbour Master of the time and place of such 
landing. 

(b) No petroleum shall be landed at any Quay other than such 

Quay as the Harbour Master shall from time to time 
direct. 

(c) Before any petroleum contained in barrels, or other vessels, 

is landed, the holds of a petroleum ship shall be thoroughly 
ventilated, and after all petroleum has been removed from 
any petroleum ship, the holds and tanks shall be thoroughly 
cleansed. 

Provided that this By-law shall not be deemed to require 
the cleansing of the tanks of a tank steamer which leaves 
the Harbour immediately after the discharge of the cargo, 
and of which the tanks are closed up immediately after 
such discharge. 

{<£) Petroleum shall not be landed except between the hours of 
sunrise and sunset. 

(e) From the time when the holds or tanks of a petroleum ship 
are first opened for the purpose of landing petroleum until 
such time as all petroleum shall have been removed from 
such ship, and the holds or tanks shall have been thoroughly 
cleansed as required by this By-law, there shall be no fire 
or artificial light on board such ship or at or near the place 
where the petroleum is being landed. 

Provided that this By-law shall not prevent the use of a 
safety lamp of a construction approved by the Harbour 
Master. 

(/) The Owner shall not allow any smoking at or near the place 
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where petroleum is being landed, nor shall he allow any 
person engaged in such landing to carry f uzees, matches, or 
appliances whatsoever for producing ignition. 
{g) No petroleum contained in casks, barrels, or other vessels 
shall be landed in the Harbour, unless such vessels are 
staunch and free from leakage, and are of such strength and 
construction as not to be liable to be broken or to leak, except 
in case of gross carelessness or extraordinary accident. 
(A) When the landing of petroleum has been commenced, such 

landing shall be proceeded with with due diligence, 
(i) No petroleum shall be landed at any Quay until the ship or 
carriage by which the same is to be removed therefrom shall 
be at the place in readiness to receive the same, and all 
petroleum landed in the Harbour shall be forthwith re- 
moved therefrom, or to some duly licensed place of storage. 
(J) No petroleum shall be discharged or allowed to escape into 

the waters of the Harbour. 
{k) The Owner shall take all due precautions for the prevention 
of accident by fire in landing petroleum. 
* (7) Two or more petroleum ships shall not, except for purpose of 
transhipment, lie within 100 feet of one another, unless, in the opinion 
of the Harbour Master, it is impracticable to maintain such 
distance. 

(8) Every petroleum ship shall be watched by a competent person 
on board such ship until all petroleum on board shall have been 
landed, and every petroleum ship shall at all times have on board a 
responsible person to carry out and give effect to the provisions of 
these By-laws. 

(9) The Owner shall, when so required by the Harbour Master, or 
other officer duly appointed by the Harbour Authority, or by any 
police constable, show to such officer or constable all petroleum under 
his control or upon his vessel, and shall affi>rd every reasonable facility 
to enable such officer or constable fo inspect and examine such petro- 
leum so as to ascertain whether these By-laws are duly observed. 

Where any ship or cargo is moored, landed, and otherwise dealt 
with in contravention of any of the above By-laws, the Owner and 
Master of such ship and the Owner of such cargo, as the case may 
be, shall each incur a penalty not exceeding fifty pounds for each day 
during which such contravention continues, and it shall be lawful for 
the Harbour Master or any other person acting under the orders of the 
Harbour Authority to cause such ship or cargo to be removed, at the 
expense of the owner thereof, to such place as may be in conformity 
with the said By-law. 
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MEMORANDUM ISSUED BY LONDON COUNTY COUNCIL 

AND FORMS OF MCENCE FOR PETROLEUM AND 

CARBIDE OF CALCIUM. 

LONDON COUNTY COUNCIL. 

PUBLIC CONTROL DEPARTMENT. 

Petroleum Acts, 1871 to 1881. 

Abstkact op the Regulations as to the Keeping, Sale, 

Conveyance, and Hawking op Petroleum in the 

County op Lonbon. 

This Abstract has no legal vaUdity, amd is intended only for the 
information and guidance of the persons concerned. For furrier 
information reference should he made to the Petrdeum ActSy 1871 
amd 1879, to the Petroleum (Hawkers) Act, 1881, and to the 
Locomotives on Highways Act, 1896, and the Regulations of the 
Secretary of State thereunder of April 26, 1900, 

GtKEEiAh. 

Definition of 1. Petroleum to which the Acts apply means "any rock oil, 
petroleum. Rangoon oil, Burmah oil, oil made from Petroleum, coal, schist, 
shale, peat, or other bituminous substance, and any products of 
petroleum, or any of the above-mentioned oils,'' which, when tested 
in the prescribed manner, give off an inflammable vapour at a 
temperature of less than 78 degrees of Fahrenheit's thermometer. 

This definition includes any composition such as varnish, paint, or 
indiarubber solution, which contains petroleum spirit. 

2* Throughout this abstract, petroleum to which the Acts apply 
is called "Petroleum Spirit''; and all other petroleum is called 
" Petroleum Oil." 

S« Where petroleum is — 
Labelling {a) Kept at any place (except during the seven days next after 

vessels. importation); or 
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(5) Sold or exposed for sale, 

the vessel containiDg it shaU have a label stating in con- 
spicuous characters the description of petroleum, with the 
addition of the words '^ highly inflammable/* and also the 
name and address of the owner or vendor. 

4* Petroleum spirit can only be kept in pursuance of a licence Keeping 
granted by the Council, except as follows : petroleum 

(a) Not exceeding three gallons may be kept in separate glass, ®^*" * 
earthenware, or metal vessels, securely stopped, each of 
which must not contain more than one pint. 

(6) When it is kept or used for the purpose of light locomotives 

in accordance with the Regulations as to petroleum made 
by the Secretary of State. 

LlOEKCBS. 

5. Application to the Council for a licence must be made upon Applica- 
the form provided for the purpose, which can be obtained by appli- tions. 
cation in writing, addressed to the Chief Officer, Public Control 
Department of the London County Council, 6 Waterloo Place, 

Pall MaU, S.W. 

6. Every application must be accompanied by a fee of 5«. in Fees, 
money, or, if sent through the post, by cheque, or Postal Order 
payable to the order of the London County Council. The fee will 

be returned to the applicant if the licence be not granted. 

7« Where the application is for a licence to store 50 gallons or plans, 
more there must also be sent a plan, drawn to the scale of one-eighth 
of an inch to a foot, and showing the proposed place and means of 
storage, and also showing the buildings, &c., within 50 feet of such 
place. 

8. Every application must state — Particulars 
(a) The quantity of petroleum spirit which the applicant desires in applica- 

to keep ; *io»- 

(6) The proposed place and method of storage ; 
(c) Particulars of manufacturing processes (if any) in which the 

spirit is to be used. 

9. Petroleum spirit should, whenever possible, be stored in one Mode of 
of the following methods : storage. 

(a) In a strong metal tank sunk into the ground at a suitable 

place, and covered with earth or concrete. The tank to 
have no openings but for the pipes through which the 
petroleum spirit is pumped. 

(b) In a concrete, stone, brick, or iron store (partially sunk into 

the ground where possible), the lower part so constructed 
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as to form a tank capable of receiving, in case of accident, 
all the petroleum contained in the store. The store to be 
ventilated sufficiently to prevent the accumulation therein 
of an inflammable vapour, and all ventilating openings to 
be protected by strong wire gauze. 
The Council, however, grants licences to keep quantities not 
exceeding 10 gallons of petroleum spirit in yards or other suitable 
situations, on condition that a place of storage having a superficial 
area measuring at least 5 feet by 5 feet is provided, and is exclu- 
sively appropriated to the purpose, and that such place of storage is 
not within any inhabited building. 

In ccises where the foregoing methods of storage cannot be adopted, 
the CowncU rnay grant licences under special conditions, provided the 
means of storage and precautions for safety proposed a/re considered 
satisfaclory. 
General 10. The following are the usual general conditions contained in 

conditions in petroleum licences granted by the Council, 
licences. ^j^j ThsX the total quantity of petroleum kept do not exceed 

(2) That petroleum be exclusively contained in strong metal 
vessels, fitted with screw caps, and with secure taps, so constructed 
and connected as to prevent leakage or the escape of vapour. 

(3) That there be kept painted in conspicuous characters on every 
storage vessel containing petroleum the description of petroleum, 
with the addition of the words " highly inflammable." 

(4) That vessels containing petroleum be kept only in 

{Here follows description of the place of storage.) 

(5) Tbat any vessel containing petroleum be only opened upon 
the licensed premises, at or immediately adjoining the place of 
storage, and for the time necessary for drawing off the petroleum ; 
and that during such drawing off every reasonable precaution be 
adopted for preventing the escape of petroleum or the vapour 
therefrom . 

(6) That no substance other than petroleum be deposited or kept 
in the place of storage above described. 

(7) That all petroleum received upon the premises be at once 
taken to the place of storage ; and that petroleum taken from the 
place of storage for delivery or otherwise be at once removed from 
the premises. 

(8) That the licensee do take effectual precautions for preventing 
unauthorised persons and all persons under the age of 15 years from 
obtaining access to the place of storage. 

(9) That there be no fire, forge, furnace, or similar source Qf 
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danger, or any storage of explosives within 20 feet, or of liighly 
inflammable material within 10 feet, of the place of storage, unless 
separated therefrom by a wall or screen of suf&cient strength and 
height to prevent the communication of fire, and that [such] artificial 
light as would ignite inflammable vapour be not at any time taken 
into or near the place of storage. 

(10) That petroleum be only received into or supplied from the 
licensed premises between sunrise and sunset. 

(11) That not less than one bushel of sand be kept with every 
vessel in which petroleum is stored, and that some portion of this 
be constantly kept immediately under the tap of the vessel. 

(12) That petroleum be only conveyed to or from the licensed 
premises in closed vessels, so constructed as to be entirely free from 
leakage, and that gunpowder or other article likely to cause fire or 
explosion be not carried in a vehicle in which petroleum is being 
conveyed. . 

(13) That the arrangements for storage, as approved by the 
Council, and as seen by the Oouncirs inspector last before the 
granting of this licence, be in all respects kept and maintained, 
unless the consent of the Council is given in writing to any departure 
therefrom. 

(14) That every authorised officer of the Council be at all times 
allowed free access to the premises of the licensee, for the purpose 
of ascertaining if the above conditions are properly observed ; and 
that the licensee do, by himself or his representatives, give any 
assistance for that purpose which such officer may inquire. 

11. Licences are granted for periods not exceeding one year, and Duration of 
prior to expiration application must be made for their renewal, licence. 
Notice of the expiration, and a form of application for I'enewal^ is 

sent to each licensee at the proper time. 

Conveyance op Petroleum Spirit. 

12. Where petroleum spirit is sent or conveyed, the vessel con- Conveyance 
taining it shall have a label stating in conspicuous characters the of petro- 
des6ription of petroleum with the addition of the words "highly ^^^' 
inflammable,'' and also the name and address of the sender. 

13. Petroleum spirit conveyed to or from licensed premises must 
be conveyed in accordance with the conditions of the licence. 

Hawking Petroleum. 

14* Any person licensed to keep petroleum spirit may, subject to Hawking 
the enactments as to hawkers and pedlars, and to the following petroleum, 
regulations, hawk petroleum by himself or his servants. 
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16. Section 2 of the Petroleum (Hawkers) Act, 1881, provides 
with respect to the hawking of petroleum, that the following regula- 
tions shall be observed — 

(1) The amount of petroleum conveyed at one time in any one 
carriage shall not exceed twenty gallons. 

(2) The petroleum shall be conveyed in a closed vessel, so con- 
structed as to be free from leakage. 

(8) The carriage in which the vessels containing the petroleum 
are conveyed shall be so ventilated as to prevent any evaporation 
from the petroleum mixing with the air in or about the carriage in 
such proportion as to produce, or be liable to produce, an explosive 
mixture. 

(4) Any fire or light, or any article of an explosive or highly in- 
flammable nature, shall not be brought into or dangerously near to the 
carriage in which the vessels containing the petroleum are conveyed. 

(5) The carriage in which the vessels containing the petroleum are 
conveyed shall be so constructed or fitted that the petroleum cannot 
escape therefrom in the form of liquid, whether ignited or otherwise. 

(6) Proper care shall be taken to prevent any petroleum escaping 
into any part of a house or building, or of the curtilage thereof, or 
into a drain or sewer. 

(7) The petroleum shall be stored in some premises licensed for 
the keeping of petroleum, and in accordance with the licence for 
such premises, both every night and also when the petroleum is not 
in the course of being hawked. 

(8) All due precautions shall be taken for the prevention of 
accidents by fire or explosion^ and for preventing unauthorised 
persons having access to the vessels containing the petroleum^ and 
every person concerned in hawking the petroleum shall abstain from 
any act whatever which tends to cause fire or explosion, and is- not 
reasonably necessary for the purpose of such hawking. 

(9) No article or substance of an explosive or inflammable 
character other than petroleum, nor any article liable to cause or 
communicate fire or explosion, shall be in the carriage whUe such 
carriage is being used for the purpose of hawking petroleum. 

When petroleum oil is in a carriage used for hawking petroleum 
spirit, such petroleum oil is deemed to be petroleum within the Act. 



Petroleum 
spirit for 
motor cars. 



Pbtsoleum Spirit for use for Motor Cars. 

16. Petroleum spirit for use for motor cars may be kept without 
a licence if the restrictions laid down in the Regulations of the 
Secretary of State under the Locomotives on Highways Act (given 
in full in Appendix IX.) are strictly observed. 
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Where these regulations cannot be observed, or where it is intended 
to also aell spirit for use for motor cars, a licence is necessary. 

Inspection. 

17. Any dealer who refuses to show to any officer authorised by Refusing 
the Council every or any place or all or any of the vessels in which information 
petroleum or petroleum oil in his possession is kept, or to give him ^ officer 
such assistance as he may require for examining the same, or to give 
to such officer samples of such petroleum or petroleum oil on pay- 
ment of the value of such samples, or who wilfully obstructs the 
Council, or any officer of the Council, in the execution of this Act, 
shall incur a penalty not exceeding twenty pounds. 

Alfred Spencer, 

Chief Officer, 
6 Waterloo Place, 

Pall Mall, S.W. 

May 1900. 



LONDON COUNTY COUNCIL. 

PUBLIC CONTROL DEPARTMENT. 

Carbide of Calcium. 

Abstraot op the Regulations as to the Keeping, Sale, and Con- 
veyance OP Carbide op Calcium in the Couutt op London. 

The Abstract has no legal validity y and is intended only for the 
information and guidance of the persons concerned. For further 
information reference shouM be made to the Petroleum Acts, and 
to the Orders in Council dated Fefyruary 26, 1897, amd July 7, 
1897. 

General. 

1. By an Order in Council, dated February 26, 1897, carbide of 
calcium can only be kept in pursuance of a licence granted by tbe 
local authority. 

2. By a further Order in Council, dated July 7, 1897, not ex- Exemption, 
ceeding 5 lbs. of carbide may be kept without licence, provided it is 

kept in separate substantial hermetically-dosed metal vessels contain- 
ing no more than 1 lb. each. 
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Note. — The order does tiot provide for the keeping of any qiuiTUity 
except in a closed vessel. Only one vessel should, therefore, he 
opened at a time, amd the qtuintity of carbide, not exceeding 1 lb,, 
required for use, should be at once placed in the generator, 
which should be immediately closed. If any carbide remain in 
the storage vessel, such vessel should be oA once re-dosed. 
8. Where carbide of calcium is : 
(a) Kept at any place ; or 
(6) Sold or exposed for sale, 

the vessel containing it shall bear a label stating in 
conspicuous characters tho words *^ Carbide of calcium/' 
"Dangerous if not kept dry/' and with the following 
caution: — "The contents of this package are liable if 
brought into contact with moisture to give off a highly 
inflammable gas/' and also the name and address of the 
owner or vendor. 



Applica- 
tions. 



Fees. 



Particulars 
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Mode of 
storage. 



LiCENOBS. 

4. Application to the Council for a licence to keep carbide of 
calcium at any place in the Coxinty of London (except the City of 
London) must be made upon the form provided for the purpose, 
which can be obtained by application in writing, addressed to the 
Chief Officer, Public Control Department of the London County 
Council, 6 Waterloo Place, S.W. 

5. Eveiy application must be accompanied by a fee of 5s. in 
money, or, if sent through the post, by cheque or postal order for 
that amount payable to the order of the London County Council. 
The fee will be returned to the applicant if the licence be not granted. 

6. Every application must state : 

(a) The quantity of carbide of calcium which the applicant 

desires to keep ; 
{b) The proposed place and method of storage ; 
(c) If the carbide is only to be kept for sale in closed vessels, or 

if it is to be used in the manufacture of acetylene gas. 

7. Carbide of calcium should be kept in strong metal vessels, and — 
(a) Such vessels should be so constructed and closed as to 

prevent the admission of water or atmospheric moisture. 
(6) Such vessels should only be opened for the time necessary 

for the removal of any required quantity of carbide, or for 

the re&lling of the vessels, 
(c) No one vessel should have a greater capacity than 3696 cubic 

inches (equal to a cylindrical vessel 14 inches in diameter 

and 24 inches in depth). 
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(<£) Every vessel of a greater capacity than 2 lbs. should be 
provided with a lock or be placed in a locked receptacle so 
as to prevent unauthorised persons gaining access to the 
contents. 

{e) Copper should not be used in the construction of vessels for 
containing carbide. 

8. Vessels containing carbide of calcium should not be kept inside Place of 
dwelling-houses, but preferably in dry and well-ventilated out- ^^^'^^g®- 
buildings. 

9. Small quantities of carbide for sale or immediate use will, how- Small 
ever, be allowed in shops, dwellings or workshops, upon licensed ^ 
premises, if the arrrangements are satisfactory. 

10. The Council proposes only to grant licences to keep carbide of Purity of the 
calcium which is pure (in a commercial sense), i.e., which contains no ^^^ ^ ^' 
impurities liable to generate phosphoretted or siliciuretted hydrogen 

so as to render the gas evolved liable to ignite spontaneously. 

11. Where carbide of calcium is kept for the manufacture of Acetylene 
acetylene gas, it is desirable that such of the following precautions S^^* 

for ensuring safety as are applicable to the circumstances should be 
adopted : 

(a) Every apparatus for generating and storing acetylene gaa Place of 

should be placed in an outbuilding. (This does not apply manufac- 
to portable apparatus holding a charge of leas than 2 lbs. of ^^^^' 
carbide.) 

(b) Such building should be separated as far as may be practic- 

able from inhabited buildings, and should be well 
ventilated. 

(c) No fire or such artificial light as would ignite inflammable 

gas should be taken into or near the building or place 
where a gas-making apparatus is situate. 

12. Every apparatus (including generator and gas-holder) used for Nature of 
acetylene gas should as far as practicable be constructed and used so apparatus, 
as to provide against the special risk, t.e. — 

(a) Copper should not be used in any part of the apparatus. 
(6) The various parts should be of adequate strength. 

(c) Escape of gas from the apparatus should be carefully guarded 

against. 

(d) Satisfactory provision should be made against dangerous 

development of heat. 

(e) Satisfactory provision should be made against undue pressure 

by the employment of an adequate safety vaJve connected 
with a pipe discharging into the open air, and a suitable 
pressure gauge should be attached to the apparatus. 
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(/) Provision should be made for the residue of the carbide 
being mixed with at least ten times its bulk of water on 
being removed from the apparatus. 
(jg) No person should have charge of an apparatus until he has 
been properly instructed in its management. 
Duration of 18. Licences are granted for keeping carbide of calcium for 
licence. periods not exceeding one year, and prior to expiration application 

must be made for their renewal. Notice of the expiration, and a 
form of application for renewal, is sent to each licensee at the 
proper time. 

CONVETANOE OF OaBBIDE OF OaLCIUM. 

Conveyance 14. Where carbide of calcium is sent or conveyed, the vessel 
of carbide of containing it shall bear a label stating in conspicuous characters the 
words " Carbide of calcium," " Dangerous if not kept dry," 'and with 
the following caution : — '' The contents of this package are liable if 
brought into contact with moisture to give off a highly inflammable 
gas," and also the name and address of the sender. 

15. Carbide of calcium conveyed to or from licensed premises 
must be conveyed in accordance with the conditions of the licence. 

Inspection. 

Refusing 1 6. Any dealer who refuses to show to any officer authorised by 

information the Council every or any place or all or any of the vessels in which 
carbide of calcium in his possession is kept, or to give him such 
assistance as he may require for examining the same, or to give to 
such officer samples of such carbide of calcium on payment of the 
value of such samples, or who wilfully obstructs the Council, or any 
officer of the Council, in the execution of these Acts and the Orders 
made thereunder, is liable to a penalty not exceeding twenty 
pounds. 

Alfred Spencer, 
6 Waterloo Place, S.W. Chief Officer. 

April 21, 1899. 



or obstruct- 
ing officer. 
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LONDON COUNTY COUNCIL. A 

Petroleum Acts, 1871 to 1881. jJi""^* 

licence.) 



PETROLEUM LICENCE. 

PURSUANT to the provisions of the Petroleum Acts, 1871 to 
1881, the London County Council doth hereby, at the request of 

M^ grant licence 

to for the period of twelve calendar months from 

the ^to 

keep^ .gallons of petroleum to 

which the Acts apply, and as defined in the said Acts, on the 

premises situate at in 

the parish of ^and within 

the County of London, subject to the conditions following, that is 
to say — 

(1) That the vessel or vessels containing the petroleum be kept in 
a place of storage having a superficial area measuring at least 5 feet 
by 5 f eet^ that such place of storage be exclusively appropriated to 
the purpose, and that it be not within any inhabited building. 

(2) That the place of storage aforesaid be in all respectjs kept aud 
maintained in the same condition that it was in when inspected by 
an authorised officer of the Council last before the granting of this 
licence. 

(3) That there be no fire, forge, furnace, or similar source of 
danger, or any storage of explosive within 20 feet, or of highly 
inflammable material within 10 feet, of such place of storage, unless 
separated therefrom by a wall or screen of sufficient strength and 
height to prevent the communication of fire. 

(4) That no substance other than petroleum be deposited or kept in 
the place of storage. 

(5) That petroleum be exclusively contained in strong metal 
vessels, the openings to which are covered with fine wire gauze and 
fitted with screw caps, and the vessels fitted with secure taps, so 
constructed and connected as to prevent leakage or the escape 
of vapour ; and that such vessels and tape be kept in thoroughly 
good order. 

(6) That there be kept painted in conspicuous characters on every 
storage vessel containing petroleum, the description of petroleum, 
with the addition of the words '' highly inflammable.'' 



Reg. No. 
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(7) That petroleum be only conveyed to or from the licensed 
premises in closed vessels, so constructed as to be entirely free from 
leakage. 

(8) That no petroleum be conveyed to or from the licensed premises 
in a vehicle in which gunpowder or other article likely to cause fire 
or explosion is also carried. 

(9) That petroleum be only received in or supplied from the 
licensed premises between sunrise and sunset ; and that no artificial 
light or fire, or article likely to cause fire, be at any time taken into 
or near the place of storage. 

(10) That the vessels containing petroleum be only opened upon 
the licensed premises, at or immediately adjoining the place of storage 
and for the time necessary for drawing off the petroleum ; and that 
during such drawing off every reasonable precaution be adopted for 
preventing the escape of petroleum or the vapour therefrom. 

(11) That all the petroleum received upon the premises be at once 
taken to the place of storage ; and that petroleum taken from the 
place of storage for delivery or otherwise, be at once removed from 
the premises. 

(12) That the licensee do take effectual precautions for preventing 
unauthorised persons and all persons under the age of 15 years from 
obtaining access to the place of storage. 

(13) That not less than a bushel of sand be kept with every vessel 
in which petroleum is stored, and that some portion of this be con- 
stantly kept immediately under the tap of the vessel. 

(14) That due precaution be at all times taken for the prevention 
of accident from fire. 

(15) That every authorised officer of the Council be at all times 
allowed free access to the premises of the licensee, for the purpose 
of ascertaining if the above conditions are properly observed ; and 
that the licensee do, by himself or his representatives, give any 
assistance for that purpose which such officer may require. 

Section 9 of the Petroleum Act, 1871, provides that "any licensee 
violating any of the conditions of his licence shall be deemed to be an 
unlicensed person." 

By Order of the Council, 



Clerk of the CatmciL 
Spring Gakdens, S.W. 



This Licence is NOT transferable. 
For rcf/uhuitfis as to hawking petroleum, neepcufe 241. 
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LONDON COUNTY COUNCIL. B 

Petroleum Acts, 1871 to 1881. S^e.) 

PETROLEUM LICENCE. Reg. No. 

PURSUANT to the provisions of the Petroleum Acts, 1871 to 
1881, the London County Council doth hereby, at the request of 

M grant licence 

to ^for the period of twelve calendar months from 

the^ .to 

keep gallons of petroleum to 

which the Acts apply, and as defined in the said Acts, on the 

premises situate at in 

the parish of and within 

the jurisdiction of the said Council, subject to the conditions 
following, that is to say — 

(1) That the |)etroleum be kept only in a store substantially con- 
structed entirely of concrete, stone, brick or iron, and having a fire- 
proof door which is to be kept locked at all times, except when 
petroleum is being placed in or removed from the store ; that such 
store be not within any building, or abutting against a dwelling 
house ; that the lower part of such store be so constructed as to form 
a tank capable of receiving and retaining, in case of accident, all the 
petroleum contained in the store ; that the store be ventilated 
sufliciently to prevent the accumulation therein of an inflammable 
vapour, and that all ventilating openings be protected with strong 
wire gauze. 

(2) That the place of storage aforesaid be in all respects kept and 
maintained in the same condition that it was in when inspected by an 
authorised officer of the Council last before the granting of this 
licence. 

(8) That there be no fire, forge, furnace, or similar source of danger, 
or any storage of explosives within 20 feet, or of highly inflammable 
material within 10 feet, of such place of storage, unless separated 
therefrom by a wall or screen of sufficient strength and height to 
prevent the communication of fire. 

(4) That no substance other than petroleum be deposited or kept 
in the place described in the first condition of this licence. 

(5) That, unless otherwise specially provided for in the first con- 
dition of this licence, all petroleum kept upon the premises be 
exclusively contained in strong metal vessels, the openings to 
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which are covered with fine wire gauze and fitted with screw caps, 
and with secure taps, so constructed and connected as to prevent 
leakage or the escape of vapour ; and that such vessels and taps be 
kept in thoroughly good order. 

(6) That there be kept painted in conspicuous characters on every 
storage vessel containing petroleum the description of petroleum, 
with the addition of the words " highly inflammable." 

(7) That petroleum be only conveyed to or from the licensed 
premises in dosed vessels, so constructed as to be entirely free from 
leakage. 

(8) That no petroleum be conveyed to or from the licensed premises 
in a vehicle in which gunpowder or other article likely to cause fire 
or explosion is also carried. 

(9) That petroleum be only received in or supplied from the 
licensed premises between sunrise and sunset ; and that no artificial 
light or fire, or article likely to cause fire, be at any time taken into 
or near the place of storage. 

(10) That the vessels containing petroleum be only opened upon 
the licensed premises, at or immediately adjoining the place of 
storage, and for the time necessary for drawing off the petroleum ; 
and that during such drawing off every reasonable precaution be 
adopted for preventing the escape of petroleum or the vapour there* 
from. 

(11) That all petroleum received upon the premises be at once 
taken to the place of storage ; and that petroleum taken from the 
place of storage, for delivery or otherwise, be at once removed from 
the premises. 

(12) That the licensee do take effectual precautious for pre- 
venting unauthorised persons and all persons under the age of 15 
years from obtaining access to the place of storage. 

(13) That not less than a bushel of sand be kept with every 
vessel in which petroleum is stored, and that some portion of this be 
constantly kept immediately under the tap of the vessel. 

(14) That due precaution be at all times taken for the prevention 
of accident from fire. 

(15) That every authoiised officer of the Council be at all times 
allowed free access to the premises of the licensee, for the purpose of 
ascertaining if the above conditions are properly observed ; and that 
the licensee do, by himself or his representatives, give any assis- 
tance for that purpose which such officer may require. 

By Order of the Council, 



Clerk of the Council. 
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Section 9 of the Petroleum Act, 1871, provides that " any licensee 
violating any of the conditions of his licence shall be deemed to be an 
unlicensed person." 

This Licence is NOT transferable. 

jPor regulations at to labelling vessel containing Petroleum, and as to 
hawking Petroleum, see page 241. 



LOMDON COUNTY COUNCIL. c 

Petroleum Acts, 1871 to 1881. (Special 

' Licence.) 

PETROLEUM LICENCE. Reg. No. 

PURSUANT to the provisions of the Petroleum Acts, 1871 to 
1881, the London County Council doth hereby, at the request of 

M gr&nt Licence 

to for the period of twelve calendar months from 

the to 

keep gallons of petroleum to 

which the Acts apply, and as deiined in the said Acts, on the 

premises situate at in 

the parish of and within 

the jurisdiction of the said Council, subject to the conditions 
following, that is to say — 

(1) That the petroleum be kept only in . 



(2) That the place of storage aforesaid be in all respects kept and 
maintained in the same condition that it was in when inspected by 
an authorised Officer of the Council last before the granting of this 
licence. 

{^) That there be no fire, forge, furnace, or similar source of 
danger, or any storage of explosives within twenty feet, or of highly 
inflammable material within ten feet, of such place of storage, unless 
separated therefrom by a wall or screen of sufficient strength and 
height to prevent the communication of fire. 
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(4) That no substance other than petroleum be deposited or kept 
in the place described in the first condition of this licence. 

(5) That, unless otherwise specially provided for in the first 
condition of this licence, all petroleum kept upon the premises be 
exclusively contained in strong metal vessels, the openings to which 
are covered with fine wire gauze and fitted with screw caps, and 
with secure taps, so const.ructed and connected as to prevent leakage 
or the escape of vapour ; and that such vessels and taps be kept in 
thoroughly good order. 

(6) That there be kept painted in conspicuous characters on every 
storage vessel containing petroleum, the description of petroleum, 
with the.addition of the words " highly inflammable/' 

(7) That petroleum be only conveyed to or from the licensed 
premises in closed vessels, ^o constructed as to be entirely free from 
leakage. 

(8) That no petroleum be conveyed to or from the licensed 
premises in a vehicle in which gunpowder or other article likely to 
cause fire or explosion is also carried. 

(9) That petroleum be only received in or supplied from the 
licensed premises between sunrise and sunset ; and that no artificial 
light or fire, or article likely to cause fire, be at any time taken into 
or near the place of storage. 

(10) That the vessels containing petroleum be only opened upon 
the licensed premises, at or immediately adjoining the place of 
storage, and for the time necessary for drawing oS the petroleum ; 
and that during such drawing off every reasonable precaution be 
adopted for preventing the escape of petroleum or the vapour there- 
from. 

(11) That all petroleum received upon the premises be at once 
taken to the place of storage ; and that petroleum taken from the 
place of storage for delivery or otherwise, be at once removed from 
the premises. 

(12) That the licensee do take effectual precautions for preventing 
unauthorised persons and all persons under the age of fifteen years 
from obtaining access to the place of storage. 

(13) That not less than a bushel of sand be kept with every 
vessel in which petroleum is stored, and that some portion of this be 
constantly kept immediately under the tap of the vessel. 

(14) That due precaution be at all times taken for the prevention 
of accident from fire. 

(15) That every authorised OflScer of the Council be at all times 
allowed free access to the premises of the licensee, for the purpose 
of ascertaining if the obove conditions are properly observed ; and 
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that the licensee do, by himself or bis representatives, give any 
assistance for that purpose which such officer may require. 

By Order of the Council, 



Clerk of the Council. 

Section 9 of the Petroleum Act, 1871, provides that " any Licensee 
violating any of the conditions of his Licence shaU be deemed to be an 
unlicensed person." 

This Licence is NOT transferable. 

For regulations as to labelling vessel containing Petroleum, a/nd at to 
hawking Petroleum, see page 2A1. 



LONDON COUNTY COUNCIL. d 

Petroleum Acts, 1871 to 188 1. j?P^^^^^ 

PETROLEUM LICENCE. ^°' *-^ 

Reg. No. 
PURSUANT to the provisions of the Petroleum Acts, 1871 to 

1881, the London County Council doth hereby at the request 

of grant licence 

to for the period of twelve calendar months from 

the to 

keep gallons of petroleum, to 

which tlie Acts apply, and as defined in the said Acts, on the 

premises in 

the parish of and within 

the jurisdiction of the said Council, subject to the conditions 
following, that is to say — 

That no fire, or any such artificial light as would ignite inflammable 
vapour, be at any time within or nearer than feet 

of the openings of buildings where petroleum is kept. 

That vessels containing petroleum be only opened for the time 
absolutely necessary for the purpoeee of the business, and that every 
precaution be used for preventing the inflammable vapour from 
escaping from such vessels. 

That the arrangements for the storage or use of petroleum as 
approved by the Council and as seen by the Council's Inspector last 
before the granting of this licence, be in all respects kept and main- 
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tained, unless the consent of the Council is given in writing to any 
departure therefrom. 

That due precaution be at all times taken for the prevention of 
accident from fire. 

That every authorised Officer of the Council be at all times 
allowed free access to the premises of the licensee, for the purpose 
of ascertaining if the above conditions are properly observed ; and 
that the licensee do, by himself or his representatives, give any 
assistance for that purpose which such officer may require. 

By Order of the Council, 

Clerk of the Cov/ncU, 
Spring Gardens, S.W. 

Section 9 of the Petroleum Act, 1871, provides that any ** Licensee 
violating any of the conditions of his Licence shall be deemed to be an 
unlicensed person." 

This Licence is NOT transferable. 



E LONDON COUNTY COUNCIL. 

Reg. No. Petroleum Acts, 1871 to 1881, and Order in 
Council, dated February 26, 1897. 

PETROLEUM AND CARBIDE OF CALCIUM LICENCE. 

PURSUANT to tbe provisions of the Petroleum Acts, 1871 to 
1881, and of the Order in Council, dated February 26, 1897, the 

London County Council doth hereby at the request of 

grant licence 

to for the period of twelve calendar months from 

the . to 

keep petroleum and carbide of calcium on the premises 



in tbe parish of and within 

the jurisdiction of the said Council, subject to the conditions 
following, that is to say — 

Petroleum. 0) ^*^ *^® ^^^ quantity of petroleum kept do not exceed 



(2) That petroleum be exclusively contained in strong metal 
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vessels, fitted with screw caps, and with secure taps, so constructed 
and connected as to prevent leakage or the escape of vapour. 

(3) That there be kept painted in conspicuous characters on every 
storage vessel containing petroleum, the description of petroleum, 
with the addition of the words " highly inflammable.'* 

(4) That vessels containing petroleum be kept only in 



(5) That any vessel containing petroleum be only opened upon 
the licensed premises, at or immediately adjoining the place of 
storage, and for the time necessary for drawing off the petroleum ; 
and that during such drawing off every reasonable precaution be 
adopted for preventing the escape of petroleum or the vapour there- 
from. 

(6) That no substance other than petroleum be deposited or kept 
in the place of storage above described. 

(7) That all petroleum received upon the premises be at once 
taken to the place of storage ; and that petroleum taken from the 
place of storage for delivery or otherwise, be at once removed from 
the premises. 

(8) That the licensee do take effectual precautions for preventing 
unauthorised persons and all persons under the age of fifteen years 
from obtaining access to the place of storage. 

(9) That there be no fire, forge, furnace, or similar source of 
danger, or any storage of explosives within 20 feet, or of highly 
inflammable material within 10 feet, of the place of storage, unless 
separated therefrom by a wall or screen of sufficient strength and 
height to prevent the communication of fire, and that [such] artificial 
light as would ignite inflammable vapour be not at any time taken 
into or near the place of storage. 

(10) That petroleum be only received into or supplied from the 
licensed premises between sunrise and sunset. 

(11) That not less than one bushel of sand be kept with every 
vessel in which petroleum is stored, and that some portion of this be 
constantly kept immediately under the tap of the vessel. 

(12) That petroleum be only conveyed to or from the licensed 
premises in closed vessels, so constructed as to be entirely free from 
leakage, and that gunpowder or other article likely to cause fire or 
explosion be not carried in a vehicle in which petroleum is being 
conveyed. 
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Carbide of (13) That carbide of calcium which contains impurities liable to 

calcium. generate phosphoretted or siliciuretted hydrogen so as to render the 

gas evolved liable to ignite spontaneously, be not kept under this 

licence. 

(14) That the total quantity of carbide of calcium kept on the 
premises at one time do not exceed 

(15) That carbide of calcium be kept, sent or conveyed only in 
strong metal vessels, each of which shall be of a capacity not exceeding 
3696 cubic inches, and be so constructed and closed as to prevent the 
admission of water or atmospheric moisture. 

(16) That every vessel containing carbide of calcium shall bear a 
label stating in conspicuous characters the words, '' Carbide of 
calcium," "Dangerous if not kept dry," and with the following 
caution — '^ The contents of this package are liable if brought into 
contact with moisture to give off a highly inflammable gas," and also 
the name and address of the owner or vendor in the case of carbide 
being kept, and the name and address of the sender when it is being 
conveyed. 

(17) That only one vessel containing carbide of calcium be opened 
at one time, and then only for the time necessary for the removal of 
any required quantity of carbide, or for the refilling of the vessel. 

(18) That vessels containing carbide of calcium be kept only in 



(1 9) That fire, or any such artificial light as would ignite inflammable 
gas, be not taken into or near any building or place where carbide of 
calcium is kept. 

(20) That the arrangements for the storage of petroleum and 
carbide of calcium, as approved by the Council and as seen by the 
CounciFs inspector last before the granting of this licence, be in all 
respects kept and maintained, unless the consent of the Council is 
given in writing to any departure therefrom. 

(21) That every authorised officer of the Council be at all times 
allowed free access to the premises of the licensee, for the purpose of 
ascertaining if the above conditions are properly observed ; and that 
the licensee do, by himself or lus representatives, give any assistance 
for that purpose which such officer may require. 

By Order of the Council, 



Clerk of the Council. 
Spbing Gabpbns, S,W. 
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Section 9 of the Petroleum Act, 1871, provides that " any licensee 
violating any of the conditions of his licence shall be deemed to be an 
unlicensed person/' 

This licence is NOT transferable. 

i&tceibetl the sum of Five Shillings in respect of the above licence 
(Provisional Receipt No. ). 

£0:SsO 

Couniergiffned, 

Cashier, 
far the Comptroller. 



LONDON COUNTY COUNCIL. F 

Petroleum Acts, 1871 to 1881, and Orders in ^''^^''• 
Council as to Carbide of Calcium. 

CARBIDE OF CALCIUM LICENCE. 

PURSUANT to the provisions of the Petroleum Acts, 1871 to 
1881, and of the Order in Council, dated February ?6, 1897, the 
London County Council doth hereby at the request of 



- grant licence 

to for the period of twelve calendar months from 

the to 

keep carbide of calcium on the premises 

in 

the parish of and within 

the jurisdiction of the said Council, subject to the conditions 
following, that is to say — 

(1) That carbide of calcium which contains impurities liable to 
generate phosphoretted or siliciuretted hydrogen so us to render the 
gas evolved liable to ignite spontaneously, be not kept under this 
licence. 

(2) That the total quantity of carbide of calcium kept on the 
premises at one time do not exceed . L 

(:^) That carbide of calcium be kept, sent or conveyed only in 
strong metal vessels, each of which shall be of a capacity not exceed, 
ing ^-^GOG cubic inches, and be so constructed and closed as to 
prevent the admission of water or atmospheric moisture. 
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(4) That every vessel containing carbide of calcium shall bear a 
label stating in conspicuous characters the words, "Carbide of 
calcium," " Dangerous if not kept dry," and with the following 
caution — " The contents of this package are liable if brought into 
contact with moisture to give off a highly inflammable gas," and also 
the name and address of the owner or vendor in the case of carbide 
being kept, and the name and address of the sender when it is being 
conveyed. 

(5) That only one vessel containing carbide of calcium be opened 
at one time, and then only for the time necessary for the removal 
of any required quantity of carbide, or for the refilling of the vessel. 

(6) That vessels containing carbide of calcium be kept only in 



(7) That fire, or any such artificial light as would ignite inflam- 
mable gas, be not taken into or near any building or place where 
carbide of calcium is kept. 

(8) That the arrangements for the storage of carbide of calcium, 
as approved by the Council and as seen by the Council's inspector 
last before the granting of this licence, be in all respects kept and 
maintained, unless the consent of the Council is given in writing to 
any departure therefrom. 

(9) That every authorised officer of the Council be at all times 
allowed free access to the premises of the licensee, for the purpose 
of ascertaining if the above conditions are properly observed ; and 
that the licensee do, by himself or his representatives, give any 
assistance for that purpose which such officer may require. 

By Order of the Council, 



Clerk of the Council, 
Bpbisq Gabdems, S.W. 

Section g of the Petroleum Act, 1871, which applies to carbide of 
calcium, provides that any " licensee violating any of the conditions of 
his licence shall be deemed to be an unlicensed person." 
This licence is NOT transferable. 

V^tttibtti the sum of Five Shillings in respect of the above licence 
(Provisional Receipt No. ). 

£0 s 5 s O 

CourUergiffned^ 

Caahiert 
far the Comptroller. 
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LONDON COUNTY COUNCIL. Q 

Petroleum Acts, 1871 to 1881, and Orders in 
Council as to Carbide of Calcium. 

CARBIDE OF CALCIUM LICENCE. 

PURSUANT to the provisions of the Petroleum Acts, 1871 to 
1881, and of the Order in Council, dated February 26, 1897, the 
London County Council doth hereby at the request of. 



.grant licence 

to for the period of twelve calendar months from 

the. to 

keep carbide of calcium on the premises 

in 

the parish of^ >and within 

the jurisdiction of the said Council, subject to the conditions 
following, that is to say — 

(1) That carbide of calcium which contains impurities liable to 
generate phosphoretted or siliciuretted hydrogen so aa to render the 
gas evolved liable to ignite spontaneously, be not kept under this 
licence. 

(2) That the total quantity of carbide of calcium kept on the 
premises at one time do not exceed . 

(3) That carbide of calcium, except when being actually used in 
generating acetylene gas, be kept, sent or conveyed only in strong 
metal vessels, each of which shall be of a capacity not exceeding 
8696 cubic inches, and be so constructed and closed as to prevent 
the admission of water or atmospheric moisture. 

(4) That every vessel containing carbide of calcium shall bear a 
label stating in conspicuous characters the words, "Carbide of 
calcium," " Dangerous if not kept dry," and with the foUowing 
caution — " The contents of this package are liable if brought into 
contact with moisture to give off a highly inflammable gas," and also 
the name and address of the owner or vendor in the case of carbide 
being kept, and the name and address of the sender when it is being 
conveyed. 

(5) That only one vessel containing carbide of calcium be opened 
at one time, and then only for the time necessary for the removal of 
any required quantity of carbide or for the refilling of the vessel. 
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(6) That vessels oontainiog carbide of calcium be kept only in 



(7) That any quantity of carbide of calcium exceeding 2 lbs. in 
weight be only kept in a vessel or vessels securely locked, unless such 
vessel or vessels are in a locked receptacle. 

(8) That fire, or any such artificial light as would ignite inflam- 
mable gas, be not taken into or near the building or place where 
carbide of calcium is kept or used in quantities exceeding 2 lbs. 

(9) That any residue of carbide of calcium on being removed 
from a gas-making apparatus be at once mixed with at least ten 
times its bulk of water. 

(10) That any apparatus containing carbide of calcium be only 
entrusted to the charge of a person properly instructed in its 
managem^it. 

(11) That the arrangements for the storage and use of carbide of 
calcium, as approved by the Ck>uncil and as seen by the Council's 
inspector last before the granting of this licence, be in all respects 
kept and maintained, unless the consent of the Council is given in 
writing to any departure therefrom. 

12) That every authorised ofiicer of the Council be at all times 
allowed free access to the premises of the licensee, for the purpose 
of ascertaining if the above conditions are properly observed ; and 
that the licensee do, by himself or his representatives, give any 
assistance for that purpose which such officer may require. 



By Order of the Council, 



Clerk of the CouneU, 
SpRiiiO Gardens, S.W. 

Section 9 of the Petroleum Act, 1871, which applies to carbide of 
calcium, provides that any ** licensee violating any of the conditions of 
his licence shall be deemed to be an unlicensed person.'' 
This Licence is NOT transferable. 

IBlccctbetl the sum of Five Shillings in respect of the above licence 
(Provisional Receipt No. ). 

£0 : 5 s O 

CoutUerngnedy 

Cashier, 
far the CompiroUer. 
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APPENDIX VII. 
Petroleum Act, 1879. 

REGULATIONS AS TO CONSTRUCTION AND VERIFICATION 
OF APPARATUS FOR TESTING PETROLEUM. 

Form of Appabatus. 

(1) Every apparatus sboald be a copy, in form as well as in 
materials, of the model deposited with this Board. The form and 
dimensions of such model are shown in Plate II., App. III. 

(2) No greater deviation than two one-hundredths (002) of an 
inch should be made in the dimensions of the slide and the square 
holes on the cover of the oil cap. In other parts of the apparatus a 
deviation of one-tenth of an inch will be allowed. 

Thxbmombtebs. 

(3) Thermometers should be carefully graduated, as shown on 
p. 262. 

Name-plate on cehtain Apparatus. 

(4) Apparatus required for the use of any local authority under 
the Petroleum Acts should have the name of such local authority 
engraved on the front of the apparatus. 

Delivery of Apparatus. 

(5) Apparatus should be delivered at this office between 10 a.m. 
and 1 P.M. A written application or request should be sent with 
the apparatus, and when its comparison is completed due notice 
will be sent to the applicant. 

Each apparatus should be packed in a deal, or mahogany, box. 

Fee of Yerificatiok. 

(6) On the verification of each apparatus a fee of five shillings will 
be charged. 
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•J 7" 









Mabk of Vebifjcation. 



(7) The mark of verification approved by the Board of Trade and 
notified in the London Gazette is of the following design : 



m 

1880 
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Pendulum. 

(8) A model of the lead line or pendulum used with this apparatus 
may be seen at this office. 

BOABD OF TbADE, 

Standards Office, 

7, Old Palace Yard, Westminster, 
Jcmuary 1, 1880. 

Note. — The blocks for the figures of the thermometers have been 
lent to us by the Controller of H.M. Stationery Office. 
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APPENDIX IX. 

STATUTORY RULES AND ORDERS, 1900. 
No. 303. 

LOCOMOTIVE. 
Petroleum. 

Regulations dated April 26, 1100, made by the Segbetart op 
State under Section 6 op the Locomotives on Highways Act, 
1896, as to the keeping and use of Petroleum foe the 
purposes op Light Locomotives. 

Locomotives on Highways Act, 1896. 

(59 & 60 Vict. c. 36, s. 5.) 

In promulgating ike folUrmng RegtUatians rekUing to the keeping, 
conveyance and use of petroleum in connection with light locomotives, 
the Secretary of State for the Home Department desires to direct puiblic 
attention to the dangers thai may a/rise from the careless use of the 
more volatile descriptions of petroleum, commonly known as petroleum 
spirit Not only is the vapour therefrom, which is given off at 
ordinary temperatures, capable of being easily ignited, but it is also 
capable, when mixed with air, of forming an explosive atmosphere. It 
is, therefore, necessary in dealing with and handling the spirit, to take 
strict precautions by the employment of thoroughly sound and properly 
closed vessels, and by avoiding the use of naked lights in dangerous 
proximity, to prevent leakage of the spirit and the conlact of any form 
of artificial light with the highly inflammable vapour which it is 
always evolving. 

Regulations. 

By virtue of the powers conferred on me by the Fifth Section of 
the Locomotives on Highways Act, 1896, I hereby make the 
following Regulations for the keeping and use of petroleum for the 
purposes of light locomotives. 

Save as herein provided the provisions of the Petroleum Acts 
shall apply to all petroleum kept or used or sold for the purposes of 
light locomotives. 
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In these regulations the expression " petroleum spirit " shall mean 
the petroleum to which the Petroleum Act, 1871, applies, provided 
that when any petroleum other than that to which the Petroleum 
Act, 1871, applies is on or in any light locomotive, or is being 
conveyed or kept in any place on or in which there is also present 
any petroleum spirit as above defined, the whole of such petroleum 
shall be deemed to be petroleum spirit. 

In these regulations the expression '* storehouse '' shall mean any 
room, building, coachhouse, lean-to, or other place in which 
petroleum spirit for the piu^poses of light locomotives is kept in 
pursuance of these regulations. 

(1) These regulations shall apply only to petroleum spirit which 
is kept for the purpose of or is being used on light locomotives, and 
shall not apply to petroleum spirit which is kept for sale, or partly 
for sale and partly for the pxirposes of light locomotives. 

(2) Petroleum spirit should not be kept, used, or conveyed except 
in metal vessels so substantially constructed as not to be liable, 
except under circumstances of gross negligence or extraordinary 
accident, to be broken or become defective or insecure. Every such 
vessel shall be so constructed and maintained that no leakage, 
whether of liquid or vapour, can take place therefrom. 

(8) Every such vessel, not forming part of a light locomotive, 
when used for conveying or keeping petroleum spirit shall bear the 
words " petroleum spirit highly inflammable " legibly and indelibly 
stamped or marked thereon, or on a metallic or enamelled label 
attached thereto, and shall be of a capacity not exceeding two gallons. 

(4) Before repairs are done to any such vessel, that vessel shall, as 
far as practicable, be cleaned by the removal of all petroleum spirit 
and of all dangerous vapours derived from the same. 

(5) Where a storehouse forms part of, or is attached to, another 
building, and where the intervening flo(»r or partition is of an 
unsubstantial or highly inflammable character, or has an opening 
therein, the whole of such building shall be deemed to be the 
storehouse, and no portion of such storehouse shall be used as a 
dwelling or as a place where persons assemble. A storehouse shall 
have a separate entrance from the open air distinct from that of any 
dwelling or building in which persons assemble. 

(6) Every storehouse shall be thoroughly ventilated. 

(7) The amount of petroleum spirit to be kept in any one 
storehouse, whether or not upon light locomotives, shall not exceed 
60 gallons at any one time. 

(8) Where two or more storehouses are in the same occupation 
and are situated within 20 feet of one another, they shall for the 



Digitized by 



Google 



APPENDIX IX. 267 

purposeB of these regulations be deemed to be one and the same 
storehouse, and the maximum amount of petroleum spirit prescribed 
in the foregoing regulation shall be the maximum to be kept in all 
such storehouses taken together. Where two or more storehouses 
in the same occupation are distant more than 20 feet from one 
another, the maximum amount shall apply to each storehouse. 

(9) Any person who keeps petroleum spirit in a storehouse which 
is situated within 20 feet of any other building whether or not 
in his occupation, or of any timber stack or other inflammable goods 
not owned by him, shall give notice to the local authority under 
the Petroleum Acts for the district in which he is keeping such 
petroleimi spirit, that he is so keeping petroleum spirit, and shall 
renew such notice in the month of January in each year during the 
continuance of such keeping, and shall permit any duly authorised 
officer of the local authority to inspect such petroleum spirit at any 
reasonable time. This regulation shall not apply to petroleum spirit 
kept under licence, nor to petroleum spirit kept in a tank forming 
part of a light locomotive. 

(10) The filling or replenishing of a vessel with petroleum spirit 
shall not be carried on, nor shall the contents of any such vessel be 
exposed in the presence of fire or artificial light, except a light of 
such construction, position or character, as not to be liable to ignite 
any inflammable vapour arising from such spirit, and no artificial 
light shall be brought within dangerous proximity of the place where 
any vessel containing petroleum spirit is being kept. 

(11) In the case of all petroleum spirit kept or conveyed for the 
purpose of or in connection with any light locomotive, (a) all due 
precautions shall be taken for the prevention of accidents by fire or 
explosion, and for the prevention of unauthorised persons having 
access to any petroleum spirit kept or conveyed, and to the vessels 
containing or intended to contain, or having actually contained the 
same; and (b) every person managing or employed on or in con- 
nection with any light locomotive shall abstain from every act 
whatever which tends to cause fire or explosion, and which is not 
reasonably necessary, and shall prevent any other person from com- 
mitting such act. 

(12) These regulations shall come into operation on the loth day 
of May, 1900, from which date the regulations dated 3rd November, 
1896, are hereby repealed. 

M. W. RIDLEY, 
One of Her Majesty's Principal Secretaries of State. 
Whitehall, S.W., 2m AprU, 1900. 
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APPENDIX X. 

SPECIFICATIONS OF TANK DEPOTS AND SCREEN WALLS. 
(Proposed to be included in an Act of Parliament.) 

General. 

Ant tank which satisfies the following conditions shall be deemed 
to be a tank dep6t for the purposes of this Act : 

(1) It must be constructed of good metal. 

(2) It must be properly tested before use, and seen to be perfectly 
tight and staunch. 

(8) It must at all times while in use be so well fitted that the 
inflammable liquid contained in it cannot escape therefrom in the 
form of liquid, whether under the action of tire or otherwise. 

(4) If it has a ventilating pipe, that pipe must be of suitable 
character and construction, and its orifice must be effectively pro- 
tected by wire gauze. 

(5) Every other opening in the tank, whether to be used as a 
manhole or for a pipe or other purpose, not being such a ventilating 
pipe as aforesaid, must have a neck whose length is at least equal to 
one-half of the diameter of the opening, and every such opening, 
when not in actual use, must be securely closed by an effective and 
properly secured cap, cover or tap. 

(6) It must be further constructed as hereunder specified accord- 
ing as it is an underground or overground tank — ^that is to say : 

I. TJndeboround Tanks. 

A tank shall be deemed to be an underground tank which is 
wholly sunk in and surrounded by solid rock or earth, and the top 
of which is protected by a substantial covering of not less than nine 
inches of solid earth, sand, or concrete. There must be no opening 
in such top or covering, other than such manholes, pipes, pumps, or 
other connections as may be necessary. 

Every underground tank must be constructed of strong iron or 
steel tank-plates well riveted together and thoroughly caulked. 
The tops and sides must be supported and strengthened by such 
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uprights, girders, angle-irons, and ties as, having regard to the 
capacity and situation of the tank, may be necessary to render the 
tank thoroughly substantial and effective. 

The underground space in which the tank is enclosed must be of 
such construction and character that mineral oil cannot escape 
therefrom in the form of liquid, whether under the action of fire or 
otherwise, so as to reach either directly or indirectly any other place 
where inflammable liquid is kept, or any protected work,* or any river, 
sewer, stream or draiti. 

II. OVBBOBOUNB TaNKS. 

Every tank shall be deemed to be an overground tank which in 
respect of situation does not satisfy the conditions hereinbefore 
specified for an underground tank. 

If the tank is to be placed or fixed elsewhere in a building than on 
the basement, its position must be approved by the local authority. 

(a) Every tank of a capacity not exceeding 60 gallons must be well 
constructed of galvanised iron of such strength, having regard to its 
size, and with seams so securely closed and fastened, as to form an 
effective receptacle for the inflammable liquid which it contains. 

(b) Every tank of a capacity exceeding 60 but not exceeding 
1000 gallons must be constructed of good galvanised iron plates of 
such thickness, and with rivets of such size, and at such distances 
apart (measured from centre to centre) as appear in the following 
scale: 



For tanks of a 

capacity not 

exceeding 



Thickness of plates not less 
than 



Size of 
rivets not 
less than 



Distance of 

rivets apart 

not more 

than 



100 Gallons 
250 „ 
500 „ 

1000 „ 



-^inch 
inch 
inch 



inch 



/y\ inch if cylindrical \ 
\ J inch if any other shape/ 



7 



inch 



H .. 



If the tank has a capacity exceeding 60 but not exceeding 250 
gallons, it must rest on the ground, or on brick or stone piers, or 
must be securely and adequately supported on strong girders. 

If the tank has a capacity exceeding 250 but not exceeding 1000 

• For definition of Protected Work sfie p. 164, 
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gallons, it must be properly stiffened with vertical angle-irons and 
cross-stays, and must rest on solid foundations of concrete, brick, or 
stone. 

(c) Every tank of a capacity exceeding 1000 gallons must be 
cylindrical in shape, and must not exceed 26 feet in height or 85 feet 
in diameter. The top of the tank must be constructed of plates of 
a thickness of ^ inch, riveted with f inch rivets, not more than 1^ 
inch aparty and supported by a sufficient number of strong and 
efficient angle-irons and ties, and where necessaiy by king posts. 

The sides and bottom of the tank must be of best iron or steel 
tank plates of at least the following thicknesses : 

Namely, within 10 feet from the top of the tank . ^ inch thick. 
„ over 10 and within 20 feet from the top of 

the tank . . . • iV >» 

„ over 20 feet from the top of the tank . | „ 

„ bottom of tank ^ „ 

The plates must be riveted by f inch best rivets driven hot, and 
not more than 1 J inch apart measured from centre to centre, and 
all vertical seams must be double riveted. 

Every such tank must be erected on good solid foundations, upon 
which the entire bottom surface shall have a fair bearing, and must 
be strengthened throughout by a sufficient number of strong and 
efficient angle-irons and cross-stays. 

If the tank has a capacity of more than 15,000 gallons, it must 
be constructed as hereinbefore described, and further, must be 
separately surrounded by a wall of such dimensions and substantial 
construction, or must be partially sunk in an excavation in such a 
manner that the total quantity of mineral oil capable of being con- 
tained in the tank could be altogether contained in the enclosure 
formed by such wall or excavation, and could not escape therefrom 
in the form of liquid, whether under the action of fire or otherwise ; 
and the space formed by such wall or excavation, so far as not 
occupied by the tank, must be kept entirely free and unoccupied. 



Spkcification op Sobben Wall. 

A screen wall must be substantially constructed of good hard 
bricks, or such good building stone, not being limestone, or such 
concrete as may be approved by the local authority, properly 
bonded, and solidly put together with good mortar or cement, on 
proper footings and foundations. 
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A screen wall must be of a thickness of not less than as follows : 

Within 16 feet of the top of the wall, 18 inches. 

Over 16 feet, and within 32 feet of the top of the wall, 17^ inches. 

» ^2 » If '^^ >r >» » 99 22 „ 

and in like proportion for any greater height. 

A screen wall must be strengthened by two or more transverse 
buttresses of similar construction to the wall. The buttresses must 
be carried up to the top of the wall and properly bonded thereto, 
and must not be more than 20 feet distant from each other. Each 
buttress must, at its base, project from each side of the wall not less 
than one-eighth the height of the wall, and at its top not less than 
nine inches. There must be no window, door, or other opening in 
a screen wall, other than such fire-proof doors as are necessary for 
the purposes of access to the premises, and are open only when 
required for the said purposes. 
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SUGGESTIONS FOR THE CARE AND USE OP PETROLEUM 

LAMPS. 

(1) The wick should quite fill the wick-tube, without having to be 
squeezed into it. 

(2) Before using, the wick should be dried at the fire, and then 
immediately soaked with oil. 

(3) Wicks should be in lengths of not more than 1 inches, and 
should always reach to the bottom of the oil container. 

(4) It is well to change the wick after two months' use. 

(5) See that the chimney of the lamp fits properly and is held 
sufficiently tightly so as not to fall off when the lamp is used. 

(6) When a new wick or chimney is required, it is always 
advisable to take the burner to the shop that it may be properly 
fitted. 

(7) The burner should be taken to pieces and thoroughly cleansed 
at least once a month, and all burnt pieces of wick, dead flies, dirt, 
<&c., should be carefully removed. 

(8) Never refill the lamp when it is alight, or near H fire or other 
light. 

(9) After filling see that the burner is properly fixed on, and if 
there is a side filling>hole, be careful to screw in the plug. 

(10) Before lighting remove the burnt crust of the wick. 

(11) Be careful not to spill oil in filling, and if any is spilt on the 
lamp, to wipe it ofi*. 

(12) Before lighting see that the slit in the cone of the burner is 
exactly in line with the wick -tube, so that the flame will not touch 
the metal. 

(18) When first lit, the wick should be partially turned down, 
and then gradually raised but not so as to smoke. When the edge 
of the flame is orange- coloured the lamp is not burning properly, and 
the burner should be examined. 

(14) Do not continue to burn the oil until it is completely ez« 
hausted. It is best to keep the lamp well filled. 
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(15) Lamps which have no extinguisher should be put out as 
follows : The wick should be turned down until there is only a small 
flickering flame, care being taken not to tarn down so far that the 
wick falls into the oil container. The small flame may be extinguished 
by placing a piece of flat tin or card on the top of the chimney, or by 
blowing across the top of the chimney. Never blow down the 
chimney. 

(16) Never use a lamp which is broken or in any way out of order, 
or a chimney which is cracked. If any part comes loose, or is out 
of shape or defective, it should be taken to a lamp shop to be re- 
paired. 

(17) Always place the lamp in a secure place and on a level surface, 
and never on a rickety table or in any position where it could be 
easily upset. Hanging lamps should not be put on insecure nails in 
the walL 

(18) Table lamps should not be carried about more than is 
necessary, and nothing else should be carried at the same time. 
Heavy lamps should be carried in both hands. The greater number 
of accidents have been caused by dropping a lamp while it was being 
carried. 

(19) Lamps should not be turned down except for the purpose of 
putting them out. If turned low the oil is apt to be unduly 
heated. 

(20) Should a person's clothes become ignited, the flames should 
be smothered with a hearthrug, blanket, woollen table cloth, or wet 
towel. 

(21) NEVER POUR OIL ON A FIRE. 
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APPENDIX XII. 
Petroleum Act, 1871. 

CARBIDE OF CALCIUM. 

Order in Council of February 26, 1897; Published in the 
" London Gazette " of March 2, 1897. 

At the Court at Windsor, the 26th day of February, 1897. 

present : 

The Queen's Most Excellent Majesty in Council. 

Whereas it is provided by the Petroleum Act, 1871, that Her 
Majesty may, from time to time, make, revoke, and vary Orders in 
Council directing that the said Act or any part thereof shall apply 
to any substance, and that the said Act or the part thereof specified 
in any such Order shall, during the continuance of the Order, apply 
to such substemce, and shall be construed and have effect as if such 
substance had been included in the definition of petroleum to which 
that Act applies, subject to the following qualifications : 

(1) The quantity of any substance to which this Act is directed 
by Order in Council to apply which may be kept without a licence, 
shall be such quantity only as is specified in that behalf in such 
order, or if no such quantity is specified no quantity may be kept 
without a licence. 

(2) The label on the vessel containing such substance shall be such 
as may be specified in that behalf in the Order. 

And whereas the Petroleum Act, 1879, and the Petroleum 
(Hawkers) Act, 1881, are to be construed as one with the Petroleum 
Act of 1871, and may, together with such Act, be dted as the 
Petroleum Acts, 1871 to 1881 : 

And whereas carbide of calcium presents dangers similar to those 
presented by petroleum : 

Now, therefore, in pursuance of the above-mentioned provisions 
of the Petroleum Act, 1871, Her Majesty is pleased, by and with 
the advice of Her Privy Council, to order and prescribe that the 
under-mentioned parts of the Peti'oleum Acts, 1871 to 1881, shall 
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apply to the said substance, carbide of calcium, in the same manner 
as if the said substance were petroleum to which the Acts apply, 
viz. : 

The whole of the Petroleum Acts, 1871 to 1881, except: 

(a) So much of Section 6 of the Petroleum Act, 1871, as 
specifies the nature of the label to be on the vessel, in 
lieu of which the label shall be as hereinafter provided. 
(6) So much of Section 7 of the Petroleum Act, 1871, as relates 
to the exemption from such section of small quantities 
under certain specified conditions, and no quantity of 
carbide of calcium may be kept except in pursuance of 
such licence as in the said Section 7 is provided. 

(c) So much of Section 11 of the Petroleum Act, 1871, as 

relates to the testing of samples taken by an officer of 
the local authority under the powers conferred by such 
section. 

(d) So much of the Petroleum Act, 1879, as relates to the testing 

of petroleum. 

(e) So much of the Petroleum Act, 1881, as relates to the 

hawking of petroleum. 
The label on the vessel containing the said carbide of calcium 
shall bear in conspicuous characters the words " Carbide of calcium,'' 
** Dangerous if not kept dry," and with the following caution : " The 
contents of this package are liable if bi*ought into contact with 
moisture to give off a highly inflammable gas," and with the 
addition : 

(a) In the case of a vessel kept, of the name and address of the 

consignee or owner. 
{b) In the case of a vessel sent or conveyed, of the name and 

address of the sender. 
(o) In the case of a vessel sold or exposed for sale, of the name 
and address of the vendor. 
This Order shall come into effect on the 1st of April, 1897. 

0. L. PEEL. 
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STATUTORY RULES AND ORDERS, 1897. 
No. 544. 

PETROLEUM. 
Carbide of Calcium. 

Order in Council amendinq the Order in Council of February 26, 
1897,* directing that certain portions of the Petroleum 
Acts, 1871 to 1881, shall apply to Carbide of CALCiuM.t 

At the Court at Windsor, the 7th day of July, 1897. 

present : 

The Queen's Most Excellent Majesty in Council. 

Whereas it is expedient to exempt small quantities of carbide of 
calcium, when kept under certain conditions, from the operation of 
the Order in Council of the 26th February, 1897, in virtue of which 
certain parts of the Petroleum Acts, 1871 to 1881, are applied to 
carbide of calcium io the same manner as if the said substance were 
petroleum, to which the Act applies : 

Now, therefore, Her Majesty is pleased, by and with the advice 
of Her Privy Council, to order and prescribe that notwithstanding 
anything to the contrary in the said Order in Council, the quantity 
of carbide of calcium which may be kept without a licence shall be 
as follows : 

(a) Where it is kept in separate substantial hermeti- 

cally closed metal vessels containing not more 

than 1 lb. each 5 lbs. 

(b) Where it is kept otherwise None ; 

and the said Order in Council shall be deemed to be amended 
accordingly. 

C. L. PEEL. 

* Statutory Rule and Order, 1897, No. 171. 

t This Order was published in the London Grazette of July 9, 1897. 
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Petroleum Act, 187 1. 

(34 & 35 Vict. c. 105.) 

SUGGESTED MODEL CODE OF HARBOUR BY-LAWS 
RELATING TO CARBIDE OF CALCIUM. 

(1) The owner or master of every ship carrying a cargo, any part 
of which consists of carbide of calcium, shall, on entering the harbour, 
immediately give notice of the nature of such cargo to the harbour- 
mastei', and shall place or moor his ship in such place as the harbour- 
master may direct; and while any carbide of calcium remains on 
board shall not, except for the purpose of proceeding to sea, remove 
his ship without the written permission of the harbour-master. 

(2) The hold of every ship carrying carbide of calcium shall be 
efficiently ventilated from the time of entering the harbour until all 
the carbide of calcium has been discharged or until the ship has left 
the harbour. 

(3) All carbide of calcium landed from any ship shall be removed 
without unnecessary delay to some duly licensed place of storage or 
beyond the limits of the jurisdiction of the harbour authority. 

(4) Carbide of calcium shall only be brought into the harbour in 
hermetically closed metal vessels containing each not more than 
140 lbs., and of such strength and construction as not to be liable 
to be broken or to become defective or insecure in conveyance other- 
wise than by gross negligence or extraordinary accident. 

(5) No vessel containing carbide of calcium shall be opened within 
the limits of the jurisdiction of the harbour authority except in some 
licensed place of storage or with the written consent of the harbour- 
master. 

(6) Every reasonable precaution shall be taken to prevent the 
contact of water or moisture with the carbide of calcium, and where 
such contact may have occurred, to prevent the gos evolved from 
being ignited. 

(7) The names and expressions used in the foregoing by-laws 
hall have the same meaning as is assigned to the same namt^s and 
expressions in the Petroleum Act, 1871. 
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ORDER IN COUNCIL No. 17. 

Explosives Act, 1875. 

(38 Vict. c. 17.) 

Order in Council relating to Acetylene Gas. 

At the Court at Windsor, the 26th day of November, 1897. 

Present : 

The Queen's Most Excellent Majesty in Council. 

Whereas by section one hundred and four of the Explosives Act, 
1875, it is enacted that Her Majesty may, by Order in Council, 
declare that any substance which appears to Her Majesty to be 
specially dangerous to life or property by reason either of its 
explosive properties, or of any process in the manufacture thereof 
being liable to explosion, shall be deemed to be an explosive within 
the meaning of the said Act, and the provisions of the said Act 
(subject to such exceptions, limitations, and restrictions as may be 
specified in the Order) shall accordingly extend to any such substance 
in like manner as if it were included in the term explosive in the 
said Act : 

And whereas acetylene when liquid or subject to a certain degree 
of compression is specially dangerous to life or property by reason of 
its explosive properties : 

Now, therefore, Her Majesty is pleased by and with the advice 
of Her Privy Council to order and declare, and be it ordered and 
declared as follows : 

Acetylene when liquid or when subject to a pressure above that of 
the atmosphere capable of supporting a column of water ex- 
ceeding one hundred inches in height and whether or not in 
admixture with other substances, &hall be deemed to be an 
explosive within the meaning of the said Act^ subject to the 
following exception ; that if it be shown to the satisfaction of 
the Secretary of State that acetylene, declared to be explosive 
by this Order when in admixture with any substance, or in any 
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form or condition, is not possessed of explosive properties, the 
Secretary of State may by Order exempt such acetylene from 
being deemed to be an explosive within the said Act. 

And whereas by section forty-three of the Explosives Act, 1875, 
it is provided that Her Majesty from time to time by Order in 
Council, may prohibit, either absolutely or except in pursuance of a 
licence of the Secretary of State under the said Act, or may subject 
to conditions or restrictions the manufacture, keeping, importation 
from any place out of the United Kingdom, conveyance, and sale, 
or any of them, of any explosive which is of so dangerous a character 
that in the judgment of Her Majesty it is expedient for the public 
safety to make such Order : 

And whereas it is in the judgment of Her Majesty expedient for 
the public safety that acetylene, when an explosive within the 
meaning of this Order, shall be prohibited : 

Now, therefore, in pursuance of the above-mentioned provision 
of this Act, Her Majesty is pleased, by and with the advice of Her 
Privy Council, to order and prescribe that acetylene declared to be 
an explosive by this Order shall be prohibited from being manufactured, 
imported, kept, conveyed, or sold. 

C. L. PEEL. 



ORDER IN COUNCIL No. 18. 

STATUTORY RULES AND ORDERS, 1900. 
No. 345. 

EXPLOSIVE SUBSTANCE. 

Obder in Council Prohibitino the Manufacture, Impobtation, 
Keeping, Conveting ob Sale of Acetylene when an Explo- 
sive AS defined by the Obdeb. 

At the Court at Windsor, the 15th day of May, 1900. 

Fbesent: 

The Queen's Most Excellent Majesty in Council. 

Whebeas by section one hundred and four of the Explosives Act, 
1875, it is enacted that Her Majesty may, by Order in Council, 
declare that any substance which appears to Her Majesty to be 
specially dangerous to life or property by reason either of its explo- 
sive properties, or of any process in the manufacture thereof being 
liable to explosion, shall be deemed to be an explosive within 
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the meaning of the said Act, and the provisioDS of the said Act 
(subject to such exceptions, limitations, and restrictions as may be 
specified in the Order) shall accordingly extend to any such substance 
in like manner as if it were included in the term explosive in the 
said Act : 

And whereas acetylene when in admixture with air or oxygen is 
specially dangerous to life or property by reason of its explosive 
properties : 

And whereas the provisions of section one of The Bules Publication 
Act, 1893, have been complied with : 

Now, therefore, Her Majesty is' pleased by and with the advice of 
Her Privy Council to order and declare and be it ordered and declared 
as follows : 

Acetylene when in admixture with atmospheric air or with oxygen 
gas in whatever proportion and at whatever pressure and whether or 
not in admixture with other substances shall be deemed to be an 
explosive within the meaning of the said Act. 

And whereas by section forty-three of the Explosives Act, 1875, 
^t is provided that Her Majesty, from time to time by Order in 
Council, may prohibit, either absolutely or except in pursuance of 
a licence of the Secretary of State under the said Act, or may subject 
to conditions or restrictions the manufacture, keeping, importation 
from any place out of the United Kingdom, conveyance, and sale or 
any of them, of any explosive which is of so dangerous a character^ 
that in the judgment of Her Majesty it is expedient for the public 
safety to make such Order : 

And whereas it is in the judgment of Her Majesty expedient for 
the public safety that acetylene in admixture with air or oxygen^ 
when an explosive within the meaning of this Order, shall be 
prohibited : 

Now, therefore. Her Majesty is pleased, by and with the advice of 
Her Privy Council, to order and prescribe that acetylene in admixture 
with air or oxygen, declared to be an explosive by this Order, shall be 
prohibited from being manufactured, imported, kept, conveyed, or 
sold. 

Provided that nothing in this Order shall apply to acetylene in 
admixture with air when such admixture takes place only in a burner - 
or contrivance in which the mixture is intended to be burnt. 

Provided also that nothing in this Order shall be held to apply to 
an admixture of acetylene and air which may unavoidably occur in 
the first use or re-charging of an apparatus, properly designed and 
constructed with a view to the production of pure acetylene. 

A. W. FITZROY. 
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STATUTORY RULES AND ORDERS, 1898. 
No. 248. 

EXPLOSIVE SUBSTANCE. 

Ordeb op Secretabt op Statb (No. 5), dated Mabch 28, 1898, 

BELATING TO COMPRESSED ACETTLENE IN AdMIXTUBE WITH OiL- 
GAS. 

Explosives Act, 1875. 

(38 Vict. c. 17.) 

Whebeas by an Order in Council, dated November 26, 1897, made 
under section 104 of the Explosives Act, 1875, it is declared that 
acetylene when liquid, or when subject to a certain degree of com- 
pression, shall be deemed to be an explosive within the meaning of 
the said Act : 

And whereas by the said Order in Council it is provided that 
if it be shown to the satisfaction of the Secretary of State that 
acetylene, declared to be an explosive by the said Order when in 
admixture with any substance, or in any form or condition, is not 
possessed of explosive properties, the Secretary of State may by 
Order exempt such acetylene from being deemed to be an explosive 
within the meaning of the said Act : 

And whereas it has been shown to the satisfaction of the 
Secretary of State that acetylene, when in admixture with a gas 
manufactured from mineral oil (hereinafter referred to as oil-gas) in 
certain proportions, and not compressed beyond a certain pressure, 
is not possessed of explosive properties : 

Now, therefore, in exercise of the powers aforesaid, I, one of Her 
Majesty's Principal Secretaries of State, hereby order as follows : 

Acetylene in admixture with oil-gas in a proportion not exceeding 
twenty parts by volume of acetylene in every one hundred parts of 
the mixture, when subjected to a pressure not exceeding one hundred 
and fifty pounds to the square inch, shall not be deemed to be an 
explosive within the meaning of the said Act. 

Provided that the acetylene and oil-gas shall be mixed together 
in a chamber or vessel before the gases are subjected to com- 
pression. 

M. W. RIDLEY. 

Whitehall, 

Mai^h 28, 1898. 
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STATUTORY RULES AND ORDERS, 1901. 
No. 310. 

EXPLOSIVE SUBSTANCE. 

Obder of Secretary of State (No. 6), dated April, 10, 1901, 
relating to acetylene compressed into porous substances 
with and without acetone. 

Explosives Act, 1875. 

(38 Vict. c. 17.) 

Whereas by an Order in Council dated 26th November, 1897, 
made under Section 104 of the Explosives Act, 1875, it is declared 
that acetylene when liquid or when subject to a certain degree of 
compression, shall be deemed to be an explosive within the meaning 
of the said Act. 

And whereas by the said Order in Council it is provided that if it 
be shown to the satisfaction of the Secretary of State that acetylene, 
declared to be an explosive by the said Order, when in admixture 
with any substance, or in any form or condition, is not possessed of 
explosive properties, the Secretary of State may, by Order, exempt 
such acetylene from being deemed to be an explosive within the 
meaning of the said Act. 

And whereas it has been shown to the satisfaction of the Secretary 
of State that acetylene, when compressed into a certain porous 
substance, and into a certain other porous substance containing 
acetone, is not possessed of explosive properties. 

Now, therefore, in exercise of the powers aforesaid, I, being 
one of His Majesty's Principal Secretaries of State, hereby order as 
follows : — 

Subject to the conditions hereinafter specified, acetylene when 
compressed into porous substances, with or without acetone shall 
not be deemed to be an explosive within the meaning of the said 
Act, provided that : — 

(1) The porous substances to be used, with or without acetone, 

shall be similar in every respect to samples deposited at 
the Home Office. 

(2) The porous substance shall fill, as completely as possible, 

the cylinder or other vessel into which the acetylene 
is compressed. 
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(3) The porosity of the substance shall not exceed eighty per 

cent. 

(4) Due precaution shall be taken to exclude air from every 

part of the apparatus before the acetylene is compressed. 

(5) Due precaution shall be taken to prevent undue rise of 

temperature in compressing the acetylene. 

(6) The pressure shall not exceed one hundred and fifty pounds 

to the square inch. 

(7) Every cylinder or other vessel into which acetylene is to 

be compressed shall be tested by hydraulic pressure of not 
less than double the pressure to which the vessel is to be 
submitted into use, such hydraulic pressure being main- 
tained for a period of not less than ten minutes. 

(8) In the case where acetone isi used for absorbing the 

acetylene, due precaution shall be taken that the quantity 
of acetone is such that when fully charged with acetylene 
it does not completely fill the porosity of the porous 
substance. 

(9) The compression of the acetylene shall be carried out only 

on such premises as shall have been approved in writing 
by one of His Majesty's Inspectors of Explosives. 

(10) Every cylinder or other vessel in which acetylene has 

been compressed in virtue of this Order shall be legibly 
marked with the words — 

*' Acetylene compressed into porous substance exempted 
by Order of Secretary of State dated 10th April, 
1901," 
together with the name of the firm by whom the vessel 
has been charged. 

(11) Every facility shall be given to Hi« Majesty's Inspectors 

of Explosives to in&pect the apparatus and methods by 
which the cylinders or other vessels are charged in virtue 
of this Order. 

CHAS. T. RITCHIE. 
Whitbhall, 

April 10, 1901. 
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» LONDON COUNTY COUNCIL. 

Report as to licensed premises in the County of London, upon 

WHICH petroleum, UNDER THE ACTS, IS USED IN TRADE OR 
MANUFAOTUnB. 

Presented to the Sanitary and Special Purposes Committee^ Novem- 
ber 14, 1890. 

Petroleum Acts. 

In iLCCordance with the instructions of the committee at thoir 
meeting on October 31, that I should prepare a report sub- 
mitting a list of the businesses carried on iu London in which 
petroleum spirit is used in manufacturing processes or otherwise, I 
have to report as follows : 

The following is a list of the businesses, in which petroleum is so 
used, carried on in the county of London under the licences of the 
Council : 

Dry Cleaners (21 licensed premises). 

Helmet Manufacturers (5 licensed premises). 

Tennis Sho t Manufacturers (4 licensed premises). 

Indiarubber Manufacturers' (12 licensed premises). 

Waterproof Garment Manufacturers (41 licensed premise.*^). 

Glass Silverers (14 licensed premises). 

Faint Manufacturers (6 licensed premises). 

Glove Cleaners (41 licensed premises). 
The licences granted in respect of all these businesses have special 
conditions attached, with a view to safety, and in some cases these 
conditions appear to be fully adequate, as they probably reduce the 
danger in the particular processes carried on to the minimum. In 
some of the businesses, however, it may be desirable to make some 
addition to the existing precautions. 

Whenever mineral spirit or its inflammable vapour is liable to be 
present in workrooms in dangerous quantity, the following precau- 
tions should, wherever possible, be adopted : 
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(a) The workroom should be a detached fire-proof building on a 
level with the ground. 

(6) The workroom should be well ventilated, both at the ground 
and ceiling levels. 

(c) The workroom should be provided with doors opening outwards, 
in order to facilitate the escape of the workpeople in case of accident. 

(d) The process in which mineral spirit is used should be carried 
on in closed vessels, and where that is not possible, the exposure of 
spirit should be reduced to a minimum, in order to lessen the 
formation of inflammable vapour. 

(e) Such artificial light as would ignite inflammable vapour should 
be wholly excluded from workrooms in which mineral spirit is used. 
The only artificial light allowed should be incandescent electric 
light, or a form of gas light where the light is so enclosed as not to 
be in contact with the air of the workroom. 

Taking the businesses in the order in which they appear in the 
above list, the first to be dealt with is — 

(1) Dry CleaThers. — In this business mineral spirit is used, 
generally in large quantity, in the cleaning of dress material and 
other substances. The spirit is kept in specially constructed stores, 
and the cleaning takes place in specially constructed buildings. 

Practically all the conditions for safety already indicated are 
insisted on by the conditions attached to licences granted to dry 
cleaners in London. 

Formerly there were numerous accidents in connection with this 
business, but for the past few years, since the adoption of the 
indicated precautions, only one fire has occurred in London ; and 
fortunately, on account of the isolation of the building and the 
precautions imposed by the licence, no fatality or even personal 
injury resulted, nor did the fire extend beyond the actual build- 
ing in which it broke out. It may be mentioned as an instance 
of the value of precautions in businesses of this nature, that on 
one of the dry cleaner's premises, before the present stringent 
conditions were insisted upon, the cleaning room was burnt out 
five times in six years ; but that since the adoption of these precau- 
tions some seven years since, no fire has occurred on the premises. 

(2) ffdmet Manufacturers , — In this business a quantity of 
petroleum spirit, in no case exceeding 45 gallons, is used for the 
purpose of dissolving indiarubber, to form a solution used in cement- 
ing and waterproofing some forms of helmets. I do not consider the 
conditions attached to licences for premises in which this business is 
carried on are sufliciently stringent. Difficulty was experienced in 
obtaining adequate arrangements for safety, both on account of the 
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situation and construction of many of the premises. In every case, 
however, the petroleum spirit is kept, and the indiarubber solution is 
made, in a store which is as far as possible detached from the work- 
rooms. The solution is used for cementing and waterproofing 
helmets; and in the room in which this is done, as well as in the 
place in which the helmets are afterwards dried, a considerable 
amount of inflammable vapour is given off. This vapour is to some 
extent carried off by ventilation, but at present artificial light is used 
in some of the workrooms ; and, looking to the recent fatal accident 
at a helmet manufacturer's in Cloth Fair, I think that such a method 
of lighting should no longer be permitted. No special provision is 
made upon any of the licensed helmet-makers' premises for the escape 
of workpeople in case of accident, and the Committee may consider 
it desirable in future to license only premises where adequate means 
of escape have been provided. I may, however, point out that no 
serious fire, or any fire involving loss of life, has occurred in recent 
years upon any of the licensed premises. The recent fatal fire on 
Messrs. Rowley and Brock's premises (which are in the city and 
under the jurisdiction of the Corporation of London) probably arose 
from the very grossest carelessness and the neglect of the most 
elementary precautions. An uncorked can containing a solution 
of naphtha and indiarubber was placed in the drying-stove, and 
on the door of the stove being opened a volume of the vapour escaped 
and ignited. 

Although no accident can be traced to the use of naked lights in 
workrooms where solution is used, it would undoubtedly reduce the 
danger if the Council insisted on the abolition of such lights and 
the substitution of the incandescent electric light or some perfectly 
safe form of gas lighting. In every case where a drying stove by 
fire heat is used, such stove should unquestionably be separated from 
the workrooms and ventilated into the external air, or in other words 
it should be a distinct fire risk. 

(3) Tennis Shoe Makers. —In this trade an indiarubber solution is 
used for cementing indiarubber soles to the uppers. The danger 
and the conditions are very similar to those in the case of helmet- 
makers, and whatever the Committee decide as to the one trade 
should be applied to the other. 

(4) Indiaruhber Mcmufousburers. — In this trade indiarubber in bulk 
is dissolved in mineral spirit, and then mixed up with other ingredients 
to form a plastic substance, which is worked up into various forms of 
indiarubber goods. 

I think the arrangements for the storage of the naphtha and for 
dissolving the rubber are probably adequate at all the premises under 
the Council's licence. After being taken out of the vessels in which 
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it is dissolved the indiarubber is of the consistency of dough, and it 
is so termed by the trade. It subsequently passes through a variety 
of machines, for manufacture into different articles, and during these 
processes some inflammable vapour is given off, but probably not in 
sufficient quantities to be liable to ignition. I recommend the Oom- 
mittee to in future attach a condition excluding fires and unsafe 
forms of artificial lighting, not only in the stores and mixing-rooms 
as at present, but also in any workroom where there is a liability to 
the presence of inflammable vapour. 

(5) Waierproof Ga/rment Makers, — This business is sometimes con- 
ducted on a very large scale in very large buildings, and in others on 
a small scale, and sometimes in dwellings. No matter how many 
or how few hands are at work, each of them requires a small quantity 
of solution and a small quantity of spirit. This is used for cementing 
the seams of the garments to be manufactured, and as there is but a 
small amount of vapour given off in the operations of each work- 
person, it is only where a large number of workpeople are employed 
in one room that there is a liability to the formation of a large amount 
of inflammable vapour. The two points for the consideration of the 
Committee appear to be : 

(1) Whether fires and exposed artificial light should not be pro- 
hibited in all such workrooms. 

(2) Whether facilities for escape, in case of accident, should not be 
insisted upon, wherever a considerable number of hands are employed 
in one building. 

By requiring both the solution and the naphtha to be used from 
suitable vessels, and by regulating the storage of the naphtha and 
the mixing of the solution, the Oouncil has reduced the danger in 
these places ; but the other points indicated are matters for serious 
consideration. I may point out, however, that there might be great 
difficulty in the case of the smaller makers, and of the workpeople 
who carry on this business in their own homes, in providing a special 
artificial light, or special means of heating the rooms. 

(6) Glass Silverers, — In this business mineral spirit is used in the 
manufacture of the paint which covers the back of silvered glass. 
The spirit is usually kept and the paint mixed in the basement of 
the building where the business is carried on, and it has been im- 
practicable to obtain in such cases external places for the storage 
and the mixing. There is probably little danger in the process of 
applying the paint to the glass ; and the point for the consideration 
of the Committee appears to be whether in future the storage and 
mixing should be allowed in the building in which the workrooms 
are situated. 

(7) Qlove Cleaning, — In this business only small quantities of 
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mineral spirit are used, and in a large number of cases the trade is 
so small that it can be carried on under the exemption contained in 
section 7 of the Petroleum Act, 1871, which permits three gallons 
of spirit to be kept without a licence, provided it is kept in stoppered 
bottles which contain not more than one pint. The practice in 
London is that, where only one of these bottles is open at a 
time, no licence is necessary, but whenever any larger quantity than 
one pint is opened for use at one time a licence is requisite. Although 
the quantity of petroleum used in glove cleaning is small, there is a 
considerable escape of inflammable vapour, and consequent danger. 
Upon every premises licensed by the Council, glove cleaning is required 
to be carried on in buildings either detached or external to the house 
or shop, and the presence of a fire or artificial light is forbidden. It 
is probably unnecessary to add to the restrictions already imposed on 
this business. 

In addition to the foregoing, there are also a few other businesses 
in which petroleum spirit is used, and which are under the licence of 
the Council, as follows : 

One bone boiler. 

„ bedstead manufacturer. 

„ photographic chemical manufacturer. 

„ manufacturing chemist. 

„ brassfitter (asbestos packing). 

„ paraffin scale maker. 

„ electrician (four licences). 

„ colour-printing works. 

I believe the conditions imposed in each of the above cases are adequate 
for safety. 

The only remaining trade in which it is known that petroleum 
spirit is used is that of toy-balloon maker. Two premises upon 
which this trade is carried on are licensed, and at each G.ve gallons 
may be kept. In both cases the store is a sunk pit in the garden at 
rear of the dwelling, and this method is quite safe. The spirit is, 
however, taken in quantities not exceeding half a gallon into a 
workroom in the upper part of the dwelling, where it is put into 
an open vessel, into which the indiarubber is dipped. No fire or 
light is allowed in this room, and the work is done with open 
windows, and it is probable that no further precaution can be 
adopted except to require that the work be done in outbuildings 
only. The licensees are, however, so poor that they are unable to 
provide these. These premises have been under licence for some 
years, and the inspector reports that he has always found the business 
conducted with care, 
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SCALB OF MAXIMUM AMOUNTS OF PETROLEUM 

ALLOWED TO BE KEPT ACCORDING TO 

DISTANCE FROM PROTECTED WORKS.* 

(Proposed to he included in an Act of Parliament.) 



Distance of depot firom protected work.* 


Number of gallons allowed to be kept 


Not wholly in 
tankdepots.t 


Intank-depotaf 
but not wholly 
underground. 


Wholly to 
tank-depot8.r 


Within 10 ft 


100 


250 


500 


Over 10 ft. and not exceeding 20 ft. 


500 


1,500 


5,000 


»» 20 „ „ „ 30 „ 


2,000 


6,000 


20,000 


11 30 „ „ „ .50 „ 


5,000 


15,000 


50,000 


11 50 „ „ „ 7o „ 


10,000 


50,000 


Unlimited. 


>» 75 „ „ „ 100 „ 


15,000 


150,000 


— 


11 100 „ „ „ 150 „ 


20,000 


Unlimited. 


— 


,,150 


Unlimited. 


— 


— 



* For definition of protected works, see p. 164. 

f Specifications of tank-depot« will be found in Appendix X. 
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1881, 151 et seq,, 232-234 

Aichungs-Konmiission, standardisa- 
' tion of testing instruments by, 
101-104 

Alabama, petroleum yield of, 31- 
32 

Alaska, occurrence of oil in, 31 

Alfreton, petroleum at, 7 

Anticlines favourable for accumu- 
latiou of petroleum, 25-26 



Appalachian oil-field, yield of, 31, 
32 

Apscheron peninsula, petroleum 
yield of, 34 

Arnaboldi open-test apparatus, 79 

Asphalt ; in Trinidad, 6 ; Peckham's 
view as to, 12 

Asphaltum, 4 

Assam, oil supply of, 31, 37 

Astatki, 30, 58, 59 

Athabascl^ occurrence of oil in, 31 

Atmosphere of tanks and other 
spaces, modes of testing,- 117-124 

Atmospheric pressure, disturbing 
influence of, in testing the flash- 
point, 90, 91 ; table of correction 
of apparent flash-point for vary- 
ing, 100, 264 

Attfield, Prof., report on testing, 
81,136,137 

Auger, 41, 42 ; dressing the bit, 
44 

Bacon on the origin of petroleum, 
7 8 

Baiier, 42, 49 

Baku, petroleum at, 5, 28, 33, 34 

Balaklmny, petroleum production 
of, 34 

Barbados tar, 6 

Barque A, Goudey^ petroleum ex- 
plosion on, 158 

Barrels for carrying oil, 46 ; danger 
from empty petroleum barrels, 
161 

Beilby on the flash-point, 71, 72 

Benzene, 61, 63, 66 

Benzine, 58. 59, 63 

Benzine Collas, 67 

Benzol, 61, 66 

Benzoline, 57, 63 

Bergmann on bitumen, 8 

Bergol, 3 
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Berthelot, his views as to the origin 
of petroleum, 9 

Bibi-Eibat, petroleum production 
of, 34 

Bill of 1869, 138 ; of 1872, 139 ; of 
1883, 141-142 ; of 1891, 143 ; in- 
troduced by Mr. Beckitt, 146-147 

Binagadi, petroleum production of, 
34 

Bits. See Auger. 

Bitumen, 4 ; use of, as mortar, 5 ; 
Macquer*s account of, 8 ; Berg- 
mann and Hatchett's views as to, 
8 ; Peckham's view as to, 12 ; 
probable plant origin of the 
Trinidad deposit, 18, 19 ; dis- 
tribution of, 22-24 

Boiling-point, use of, in testing, 
130 

Borneo, petroleum production in, 
31,37 

Boulevard gas oil, 56, 63 

Bradford, ignition of petroleum 
vapour by electric spark at, 160 

Brea, 4 

Bristol, fire at, 163, 164 

Brown coal, 60 

Bull rope, 40 

Bull wheel, 40 

Bunte, Dr., on the use of a stirrer 
in the Abel test, 88 

Burma, petroleum production in, 
31,37 

Burma crude petroleum, mode of 
testing, 93 

Burmah oil, 1, 2 

Burners of petroleum oil lamps, 
good and bad points of, 175, 176 

Burning naphtha, 66, 67 

Burning oils, 60, 66 

Byasson, his theory on the origin 
of petroleum, 10 

Calderwood, J., consulted as to 
test standard, 84 

California, petroleum production 
of, 32, 33 

Canada, petroleum production of, 
31, 34, 35 

Canadol, 63 

Carbide, acetylene obtained from, 
by Maquenne and by Willson, 9 

Carbide of calcium. Orders in 
Council as to, 151, 274-276 ; pre- 
cautions applicable to, 193-196 ; 
uses of, 199 ; London County 
Council's regulations respecting, 
243-246 ; model code of harbour 
by-laws respecting, 277 



Carbides, Moissan's researches on, 
9 ; Matthews's classification of, 
9, 10 ; product of the action of 
water on, 10 

Carbolic &cid. 61 

Carburine, 63 

Carpathian oil-fields, 18 

Casing the wells, 44, 45, 49 

Chimney gallery of petroleum oil 
lamps, 176 

Clamps, 42 

Clay as an absorber of petroleum, 
20 

Close test, 77 

Clowes, Prof, (with Dr. Redwood), 
petroleum- vapour test, 117 ; his 
miner's test lamp, 118 

Coal tar, 60, 61, 62 ; products of, 
61, 62, 66-67 

Coleman v. Goldsmith, 140-141 

Colombia, occurrence of petroleum 
in, 31 

Colorado, petroleum production of, 
32 

Conductor, 43 

Conveyance. See Transportation 

Cosmoline, 65 

Covers required for vessel con- 
taining petroleum, 161 

Creosote oil, 61 

Crown block, 39 

Crystal oU, 64, 66 

Cymogene, 56 

Dalton, table of geographical dis- 
tribution of bitumens, 23, 24 

Danforth's oil, 63 

Derrick, construction of, 39 

Dewar, Prof., on the flash-point, 73 

Distillation of petroleum by inter- 
mittent and continuous processes, 
49,50 

Dolomite as oil reservoir, 26, 27 

Doterel, explosion on H.M.S., due 
to paint driers, 162 

Drill. See Auger 

Drilling tools, 41-44 

Drive pipe, 43 

Dry cleaners, use of petroleum 
spirit by, 285 

Earth balsam, 4 

Ecuador, petroleum occurrence in, 

31 
Electric light (incandescent and arc) 

dangers of, near petroleum spirit, 

159 
Electric spark, dangers of, near 

petroleum spirit, 159, 160 
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Elliott tester, 107-109 

Elsass, petrolenm production in, 
31, 37 

Engler, on the animal origin of 
petroleum, 12, 13 ; confirmatory 
experiments by, 13, 14, 19, 20 ; 
experiments on testing apparatus 
by Haas and, 87, 88 ; Haas and, 
on the Salleroii-Urbain test, 115 

Erdol, 3 

Ethylene produced by certain car- 
bides when acted on by water, 10 

Explosives Act, 1876, extended to 
acetylene gas by Orders in Coun- 
cil, 278-280; and by Order of 
the Secretary of State, 281-283 

Pilling hole of lamps, 174, 175 

Fire, means of restncting damage 
by, 162 et seq. 

Fire test, 75, 76 

Fish o^, experiments by Engler on, 
as a possible source of petroleum, 
13,14 

Fishing tools, 42, 43 

Flame cap, 117-122 

Flash-point, 3 ; explanation of term, 
68, 69 ; conditions affecting, 69- 
75 ; standard for, 74-75 ; deter- 
mination of standard, 84, 85 ; 
table for correction of observed, 
for variation in atmospheric pres- 
sure, 100, 264 

Fossiline, 65 

Foster tester, 112-114 

Fractional distillation test for crude 
petroleum, 132 

Eraser, W. J. & Co., their assist- 
ance in construction of petro- 
leum-vapour test apparatus, 117 

Frictional test for lubricating oils, 
133 

Fuel oil, 59 

Galigia, petroleum from, 6, 31, 

35 36 
Gas oil, 68, 59, 60, 65, 66 ; method 

of testing, 129 
Gasoline, 56, 60, 63, 66 
Generators, precautions as to safety 

of acetylene, 194, 195 
Geoline, 65 
Geological distribution of bitumens, 

23-24 
Germany, petroleum production of, 

36, 37 ; adoption of the Abel- 

Pensky test in, 93-97 
Glasgow, fire at Anderston Quay, 

164 



Glass-silverers, use of petroleum 

spirit by, 287 
Glove-cleaning, use of petroleum 

spirit in, 287, 288 
" Go-devil " clearing apparatus, 48 
Gold Coast, petroleum occurrence 

on, 31 
Granier tester, 110, 111 
Gray's tester, 127-129 
Great Russell Street, fire in, due to 

throwing a lighted match on spilt 

petroleum spirit, 168 
Grozni, petroleum production of, 

34 

Haas, 87, 115 

Hackney, fire at, due to uncovered 
petroleum oil, 161 ; and to a van 
catching fire in the street, 168 

Hanover, petroleum yield of, 37 

Harbour by-laws, 150, 153, 235- 
237, 277 

Harburg, petroleum explosion at, 
73, 158 

Hatchett on bitumen, 8 

Hawking, legality of, 140 ; Act 
regulating petroleum, 151, 152, 
169, 232-234, 241-242 

Headache post, 40 

Helmet manufacturers, use of pe- 
troleum spirit by, 285-286 

Heptane, 123 

Hofer, on the animal origin of 
petroleum, 12, 13, 19 

Hungary, petroleum occurrence in, 
31 

Hunt, S., on petroleum contents of 
porous rocks, 28 

Hutchinson, the pioneer of pipe 
line transportation, 47 

Hydrocarbons produced by the 
action of water on carbides, 10 

Hydrogen flame-cap testing appa- 
ratus for petroleum vapour. Dr. 
Redwood's, 117-124 

Illinois, petroleum production of, 
32 

Impervious rocks as preservers of 
petroleum deposits, 26 

Indian Territory, petroleum pro- 
duction of, 32 

Indiana, petroleum fields of, 25, 27, 
32, 33 

Indiarubber manufacturers, use of 
petroleum spirit by, 286-287 

Indiarubber solution, 62 ; mode of 
testing, 89, 90 

Inflammable Liquids BUI, 143-144 
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Iron carbide as a source of petro- 
leum, 10, 11 

Italy, petroleum production in, 31, 
37 

Japan, petroleum production in, 

31,37 
Jars, 41, 42 
Java, petroleum production in, 31, 

37 
Jerk-rope, 43 

Kansas, petroleum production of, 
32 

Karabugas gulf, accumulation of 
organic remains in, 17 

Karns, the suggestor of pipe line 
transportation, 47 

Keates, T. W., consulted as to test 
standard, 84 

Kellner, Dr., inquiry by, into pe- 
troleum testing, 83; on the in- 
fluence of tropical climates on the 
flash-point, 92 

Kentucky, petroleum yield of, 31, 
32 

Kerosene, artifically prepared by 
Engler, 13, 14 ; storage and dis- 
tribution, 52-54 ; from American 
petrokum, 58, 64 ; from Russian 
petroleum, 58, 59, 64 ; use of, for 
lighting, 67; method of testing, 
77 et seq. ; specific gravity, 129 

Lambeth, fire at, 161, 164 

Lamps for petroleum oil, their con- 
struction, 171 ; selection of, 171, 
172; oil container, 173, 174; re- 
lative dangers of different kinds 
of oil containers, 174; filling-hole, 
174-175 ; burners, 175, 176 ; safe- 
ty devices, 176, 177 ; suggestions 
for the care and use of, 272-273 

Leakage, dangers from, 160, 161, 
164, 165, 167, 168 

Legislation relating to petroleum, 
134-156; Act of 1862, 134; 
Select Committee of 1867, 135 ; 
report of the " three chemists,^' 
136 ; Act of 1868, 137, 138 ; Bill 
of 1869, 138 ; Act of 1871, 138, 
139; 204-221; 274-275; 277; 
Act of 1879, 140-141 ; 221-227 ; 
Act of 1881, 141 ; 232-234 ; Bill 
of 1883, 141-142; Bill of 1891, 
143; Report of Committees of 
1894 to 1898, 145-147; Petroleum 
Acta of 1871, 1879, and 1881, 
148 et seq, ; 235 et seq, ; 247 et seq. ; 



Legislation — {conthmed) 

defects in existing, 152 et seq. ; 
Order as to petroleum spirit for 
locomotives, 156; 265-267; re- 
lating to carbide of calcium, 191 
et seq. ; 243 et seq, ; 276 ; and to 
acetylene, 196 et seq, ; Explosives 
Act, 1875, extended to acetylene 
gas, 278 et seq, 

Lesley, on the origin of petroleum, 
11, 12; on the pressure in oil 
wells, 29 

Lesquereux, on the vegetable origin 
of petroleum, 15 

Letheby, Dr., on the flash-point, 
report on testing, 81, 136 

Lewes, Prof., his work on acetylene, 
199 

Licence, forms of, 150, 151, 239, 
247-260 

Life preserver, 40 

Lightning conductors required for 
petroleum tanks, 160 

Ligroine, 63 

Lima-Indiana oil field, yield of, 31, 
32 

Limestone as oil reservoir, 26 

Liquid fuel industry, 30, 67 

Locomotives, Order as to petroleum 
spirit for, 156, 265-267 

London, ports and storage arrange- 
ments of, for kerosene, 52-54 

London County Council forms of 
licence, 150, 151 ; 247-256 ; regu- 
lations issued by, relative to pe- 
troleum, 238-256 

Lubricating oils, 58, 59, 60, 65, 66 ; 
methods of testing, 124, 129, 130, 
132, 133 

Lyon, Dr., on the flash-point in 
India, 92 

Macquer on bitumen, 8 

Maltha, 4 

Maquenne, acetylene prepared by, 

9 
Marine oil, 66 
Matthews, classification of carbides, 

by, 9, 10 
Mendeleeff, on the origin of petro- 
leum, 10, 11 
Metal tanks for petroleum, 162, 

163 
Methane produced by the action of 

water on certain carbides, 10 
Mexborough, petroleum leakage 

and explosion accident at, 160 
Mexico, petroleum occurrence in, 

31 
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Meyer, V., on stirrer in oil cup, 87 

Miano, oil from, 6 

Mineral colza oil, 58, 64 

Mineral jelly, 65 

Mineral seal oil, 64 

Mineral sperm oil, 64 

Mineral spirit, method of testing, 

129, 130 
Mineral tar, 4 
Missouri, petroleum production of, 

32 
Modena, petroleum of, 6 
Moissan, on carbides, 9 
Motorine, 63 
Mountain ranges, association of, 

with petroleum deposits, 22-23 

Naked lights near petroleum, 
dangers of, 157, 158 

Naphtha, 4, 56, 57, 60, 61, 63, 66 

Naphthalene, 61 

Naphthometer, Parrish's, 111-112 

Newfoundland, petroleum occur- 
rence in, 31 

Newport, explosion at, due to leak- 
age of peix'oleum, 160 

New York, petroleum field of , 28, 32 

New Zealand, petroleum occurrence 
in, 31 

Notting Hill, fire at, 164 

OcHSENius, on the animal origin 

of petroleum, 15 
Ohio, petroleum of, 25, 27, 28, 31, 

32, 33 
Oil containers of lamps, good and 

bad points of, 173, 174 
Oil fountains of Bussia, 29 
Oleum M^dea, 4 
Oliphant, on the petroleum industry 

of the United States, 31 
Open test, 77 
Open test apparatus of Petroleum 

Act, 1868, 80-82 
Orton, on the origin of petroleum, 

12, 20, 21; on oil content of 

porous rocks, 27, 28 
Outflow of petroleum in fires, im- 
portance of preTenting, 163, 164 
Ozokerite, 65 

Paint driers, 62 ; dangers of using, 
162 

Paints, 62 ; mode of testing paints 
containing petroleum, 90 

Paraffin, included in the legal defi- 
nitions of petroleum, 1 ; separa- 
tion of, from petroleum, 58, 60, 
65 ; testing of, 133 



Paraffin oil of Scotland, 7, 64, 66 

Paraffin scale, 65 

Paraffin wax, 65 

Paraffinum liquidum, 65 

Paraffinum moUe, 65 

Parrish's naphthometer, 111-112 

Peat, 60 

Peckham, on the origin of petro- 
leum, 12 ; on the distribution of 
petroleum, 22, 23 

Pedler, Dr., on the flash-point in 
India, 92 

Pennsylvania, oil fields of, 28, 31, 
32,33 

Pensky, his modification of AbeFs 
test, 93-101 

Penskv-Martens tester, 124-127 

Pentane, 57, 63, 123 

Persia, oil springs of, 6 

Peru, petroleum production in, 31, 
38 

PetriatM, explosion on the, 166 

Petrol, 56, 57, 63 

Petrolatum, 65 

Petroleum, legal definition of , 1-3 ; 
commercial definition of, 3 ; 
origin of term, 3 ; synonyms for, 
3, 4 ; Biblical references to, 4, 5 ; 
classical references to, 5 ; found 
in Barbados, and in other 
localities, 6 ; origin of, according 
to Bacon, 7, 8 ; Macquer, Berg- 
mann, Hatchett, 8 ; Berthelot, 9 
Byasson, 10 ; Mendeleeff, 10, 11 
Sokoloff, 11 ; Lesley, 11, 12 
Ashbumer, Orton, Peckham 
Strippelmann, 12 ; H6fer, 12, 13 
Engler, 12-14 ; Zaloziecki, 14, 15 
Ochsenius, 15 ; Lesquereux, 15 
comparison of the theories, 15, 
16 ; discussion on the organic 
origin of, 16-21 ; geological and 
geographical distribution, 22-^ ; 
transportation of, 46-48 ; 51, 52 ; 
refining, 49-51 ; physical pro- 
perties of crude, 55 ; chemical 
composition of, 55, 56 ; commercial 
products of, 56-67 ; fractional 
distillation test for crude, 132 ; 
legislation referring to, 134-156 ; 
232 et seq. ; precautions necessary 
for, 157-170; storage quantity 
allowed, 164; imports of, into 
the United Kingdom for 1899 
and 1900, 200-202; regulations 
as to use of, for locomotives on 
highways, 265-267 ; businesses 
licensed to use, 284-288 

Petroleum distillate, 3, 50, 51 



Digitized by 



Google 



296 



INDEX. 



Petroleum ether, 56, 57, 63 

Petroleum (Hawkers) Act, 1881, 
151-152, 232-234 

Petroleum oil, 3, 64 ; precautions 
necessary in using, 157 et aeq. 

Petroleum spirit, 63 ; Captain 
Thomson's pressure test for, 130, 
131 ; precautions necessary in 
using, 167 et seq., 284-288 ; im- 
ports of into the United King- 
dom during 1899, 1900, 202, 203; 
conveyance of, 241 ; regulations 
as to use of, for locomotives on 
highways, 265-267 

Petroleum wells, methods of sink- 
ing, in the United States, 39-45 ; 
in Russia, 48, 49 

Petrolina, 65 

Petroline, 66 

Photogene, 64 

Pieler, his hydrogen flame test 
lamp for mine air, 117, 118 

Pipe line transportation of oil, 47 ; 
pipes used for trunk lines, 47, 48 

Pissasphaltum, 4 

PisselsBum, 4 

Pitch, 62 

Pitchford, bitumen at, 6, 7 

Pitman, 40 

Porous rocks as reservoirs for 
petroleum, 26, 27, 28 

Precautions as to use of petroleum, 
157-170 

Pressure in oU and gas wells, 28, 29 

Pressure test for petroleum spirit, 
Captain Thomson's, 130, 131 

Pumping engines, 48 

Pumping from wells, 45 

Pyrometer, Tagliabue's, 104-107 

Pyronaphtha, 64 

Quebec, petroleum occurrence in, 
31 

Bail WAY transportation of oil, 46, 
47, 153, 154 

Bangoon oil, 1, 2, 37 

Beamers, 41 

Receiving tanks, 45, 46, 48 

Beckitt, Mr., Bill introduced by, 
146-147 

Bedwood, Dr., experiments by, at 
different altitudes and in tropical 
climates, 91 ; on testing the air of 
confined spaces for petroleum 
vapour, 117 et 8eq,; his standard 
viscometer, 133 

Bedwood, B., his assistance in de- 
vising vapour- test, 117 



Bedwood, T. H. (with Dr. Bed- 
wood), photographs of flame- 
caps, 122 

Befined oil, 58 

Befining petroleum, 49-51 ; 64 

Begent's Park Canal, explosion on, 
166, 168 

Bhadmance, 6 

Bhigolene, 56 

Bo£ used in dialling petroleum 
wells, 49 

Bomany, petroleum production of, 
34 

Boumania, petroleum production 
of, 31, 36, 36 

Bussia, petroleum production of, 
30, 31, 33-34 ; method of sinking 
wells in, 49 

Sabuntchi, petroleum yield of, 34 

Safety devices for petroleum oil 
lamps, 176, 177 

St. Quirinus's oil, 4, 6 

Salleron-Urbain tester, 114, 116 

Salt, 5 

Samson post, 39 

Sand as an extinguisher of fires 
caused by petroleum, 162 

Sand pump, 42 

Sand reel, 40 

Sandstones as oil reservoirs, 26 

Saxoline, 65 

Saybolt's electric tester, 79, 80 

Scotland, shale output of, 37 ; shale 
oil industry of, 51, 60 

Screen walls, specification of, 268- 
271 

Seneca oil, 4, 5 

Shale oil, 66 

Shale oil industry, 37, 51, 60 

Shale spirit, 66 

Shales as a covering for reservoir 
rocks, 27 

Shaip oil, 66 

Sicilian oil, 4, 5 

Sinker bar, 41 

Slime, 4 

Sokoloff, on the origin of petro- 
leum, 11 

Solar oil, 58, 59, 64 

Solar oil distillate, 64 

Solvent naphtha, 66, 67 

Sparks, protection of petroleum 
spirit from, 168 

Specifications of tank depots and 
screen walls, 268-271 

Specific gravity as a test of petro- 
leum oils, 129-130 

Spudding, 43 
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Sqtiire's open test instrument, 78, 
79 

Stability, importance of, in a petro- 
leum lamp, 172 

Standardising testing apparatus, 
101-104 

Steam engine used in drilling 
petroleum wells, 40 

Steinol, 3 

Steuart on the flash-point, 71 

Storage of petroleum, precautions 
needed in, 1G4-165, 239-241 

Storage tanks for kerosene, 53 ; 
for petroleum, 162, 163; mode 
of cleansing, 166, 167 ; specifica- 
tion of 268-270 

Stripplemann, on petroleum, 12 

Suffocation, danger of, when en- 
tering spaces charged with petro- 
leum vapour, 169 

Sumatra, petroleum production of, 
31,37 

Tagliabue, open test instrument, 
76, 77, 78; his coal oil pyro- 

• meter, 104-107 

Tail house, 50-51 

TancarvilUy explosion on the, 123 

Tank barges for transport of oil, 47 

Tank steuners for transport of oil, 
51, 52; precautions needed in, 
165, 166 

Tank wagons for carrying oil, 46, 47 

Telegraph, 40, 41 

Temper screw, 42 

Tennessee, petroleum production 
of, 31, 32 

Tennis shoe makers, use of petro- 
leum by, 286 

Terrace structure associated with 
petroleum deposits, 25 

Test-tube method of testing flash- 
point, 116, 117 

Testing, 77-133 ; 228-231 

Texas, production of petroleum in, 
31,32 

Thomson, Capt., his pressure test 
for petroleum spirit, 130-131 

"Three chemists," report of the, 
136 

Todmorden, suffocation accident 
at, 169 

Toluene, 61, 66 

Torpedoing wells, 45 

Toy balloon making, use of petro- 
leum spirit in, 288 

Transportation of petroleum, 46- 
48 ; 51, 52 ; precautions needed 
in, 165 ei aeq. 



Trenton limestone as an oil reser- 
voir, 26-28 ; 32 

Trinidad, asphalt at, 6 ; probable 
plant origin of bitumen in, 18, 
19 

Tropical climate, effect of, on the 
flash-point, 91, 92, 93 

Trunk lines, 47 ; pipes used for, 
47,48 



United States, petroleum produc- 
tion in, 30-33 ; methods of sink- 
ing petroleum wells in, 39-45 ; 
mode of raising and transporting 
the oil in, 45-49 



Van Syckle, his raccessful pipe- 
line, 47 

Varnishes, 62 

Vaseline, 58, 65 

Ventilation of petroleum spirit 
stores, 162 ; of tank steamer 
holds, 166 

Viscometer, Dr. Redwood's stand- 
ard, 133 

Viscosity test for lubricating oils, 
132, 133 



Walker Gate, fire at, 163 

Walking beam, 39 

Wall, on Trinidad Pitch Lake, 18, 

19 
Warden, Dr., on the flash-point in 

India, 92 
Water, products formed by its 

action on carbides, 10 ; of no use 

for extinguishing fires caused by 

petroleum, 162 ; or by calcium 

carbide, 193 ; dangers arising 

from contact of, with calcium 

carbide stores, 193, 194 
Water-lime bed as an oil reservoir, 

28 
Waterproof garment makers, use 

of petroleum spirit by, 287 
Water-white oil, 58 ; experiments 

with, 84, 85 
West Indies, petroleum occurrence 

in, 31 
West Virginia, petroleum yield of, 

31, 32, 33 
Westphal balance, 130 
Wick-tube of petroleum oil lamps, 

176 
Winged substitute, 41, 42 
Wisconsin tester, 107 
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Wrenches, -1^2 

Wyoming, petroleum occurrence in, 
32 

Xerotine Siccative, explosion of 

vapour from, 162 
Xylene, 61 



Yenaxgyaung, petroleum at, 6, 
37 

Zaloziecki, on the animal origin 

of petroleum, 14, 15 
Zuber, on Carpathian petroleimi, 

18 
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26 CHARLES QRIFFIN A CO:S PUBLICATIONS. 

Second Edition, Revised. With very numerous Diagrams^ Examples^ 
atid Tables. Large ^o. Cloth. i6j. 

THE DESIGN OF STRUCTURES: 

A pFttotleal Tp^atl— on the Bulldliitf of Brtily, 
Roofli. JM^ 

By S. ANGLIN, C.E., 

Maitcr of Engineering, Royal University of Ireland, late Whitwotth Scholar, ftft 



The leading features in Mr. Anglin's carefully-planned " Design of Strae- 
tnres " may be briefly summarised as follows : — 

1. It supplies the want, long felt among Students of Engineering and 
Architecture, of a concise Text-book on Structures, requiring on the {Mut of 
the reader a knowledge of Elementary Mathematics only. 

2. The subject of Graphic Statics has only of recent years been genendly 
applied in this counti^ to determine the Stresses on Framed Structures ; and 
in too many cases this is done without a knowledge of the principles upoa 
which the science is founded. In Mr. Anglings work the system is explained 
from riRST principles, and the Student will find in it a raluable aid is 
determining the stresses on all irregularly-framed structures. 

3. A large number of Practical Examples, such as occur in the ererr-day 
experience of the Engineer, are ^ven and carefully worked out, some bdng 
solved both analytically and graphically, as a guide to the Student 

4. The chapters devoted to the practical side of the subject, the Strength of 
Joints, Punching, Drilling Rivetting, and other processes connected with the 
manufacture x>f Bridges, Koofs, and Structural work generally, are the result 
of MANY years* EXPERIENCE in the bridge-yard ; and the imormation given 
on this branch of the subject will be found of great value to the practieal 
bridge-builder. 



" Studeats of Engineeifng will find this Text-Book iNVia.vABLa.**— ^frA£^/. 

"The author has certainly succeeded in producing a thoxougklv raAcncAi. T«^ 

"We can unhesitatingly reconunend this work not only to the Student, as the aaar 
TaxT-BoOK on the subiect, but also to the professional engineer as an xxantDiMour 
VALUABLX book of xf&vKDX3t:*^M9ckankMl World. 

"TUs work can be coNriDBNTx.v recommended to engineers. The author has nisaly 
chosen to use as little of the higher mathematics as possible, and has thus made has book ft 
aiAL USB TO THB PKACTfCAL BMCXNiax. . . . AttttT caxeful petusal, we have nothiag Wl 
pKsise for the work.**— iVklwrv. 
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ENQINEERINO AND MBCHANIOS. sy 

Third Edition, Thoroughly Revised, Royal 8m. With numorom 
niustraiioHS and 13 LiiAogyit^hio Plates. Handsome Cloih. JVici 3Qf. 

A PRACTICAL TREATISE ON 

BRIDGE-CONSTRUCTION: 

BaiBg a T«zt-Book on the Constraetion of Bridges is 
Iron and SteeL 

FOR THE USE OF STUDENTS, DRAUGHTSMEN, AND ENGINEERS. 
By T. CLAXTON FIDLER, M.Inst.CE., 

Prof, of Engineering, Uniremty CoUegVp Dundee. 



GENERAL CONTENTS. 



Part I. — Elementary Statics :— Definitions— The Opposition and 
Balance of Forces— Bending Strain— The Graphic Representation of Bending 
Moments. 

Part II.— General Principles of Bridge-Construction :— The 
Comparative Anatomy of Bridges — Combined or Composite Bridges — 
Theoretical Weight of Bridges— On Deflection, or the Curve of a Bended 
Girder — Continuous Girders. 

Part III. — The Strength of Materials :— Theoretical Strength of 
Columns — Design and Construction of Struts — Strength and Construction of 
Ties — Working Strength of Iron and Steel, and the Working Stress in 
Bridges — WohTer*s Experiments. 

Part IV. — ^The Design of Bridges in Detail:— The Load on 
Bridges — Calculation of Stresses due to the Movable Load — Parallel Girders — 
Direct Calculation of the Weight of Metal — Parabolic Girders, Polygonal 
Trusses, and Curved Girders — Suspension Bridges and Arches : Flexible 
Construction — Rigid Construction — Bowstring Girders used as Arches or as 
Suspension Bridges — Rigid Arched Ribs or Suspension Ribs — Continuous 
Girders and Cantilever Bridges — ^The Niagara Bridge — The Forth Bridge^ 
Wind-Pressure and Wiad-Bracing : Modem Experiments. 

"Mr. FiDLiB'8 BU001S8 arises from the combination of ixpKBinros and 
mcnJOiTT or treatment displayed on every page. . . . Theory is kept in 
subordination to Practioe, and his book is, therefore, as useful to giider-maken 
as to students of Bndge Construction.*'- iTA^ Architect. 

^ Of late years the American treatises on Practical and Applied Mechanic 
h»Te taken the lead . . • since the opening up of a vast continent has 
giTiB the American engineer a number of new bridge 'j>roblems to solTa 
. . . but we look to the pfUKxiiT T1UEATI8B OK BBiDox-CoNaTBUonoN, and 
the Forth Bridge, to bring us to the front again."— .£rfi^rmeer. 

'* One of the tk&t bht rboxnt wobu on the Strength of Materials and its 
a p^cation to Bridge-Constmotion. . . Well repays a careful Study.'*— 
Mnaineemtsft 

** An imdibpbnbablb handbook for the praotioal Engineer."— Jfaliirf« 

LONDON: CHARLES GRIFFIN A CO., LIMITED, EXETER STREET. STRAND., 
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I CEAMLMB QMirriJf S 00.*B PUBLWATIONB. 

Works by BRYAN DONKIN, M.Inst.C.E., M .Inst.Meeh.S., fte^ 



Third Edition, Revised and Enlarged. With additional 
Illustrations. Large 8vo, Handsome Cloth. 25s. 

GAS, OIL, AND AIR ENGINES: 

A Ppaetieal Text -Book on Internal Combustion Motors 
without Boiler. 

By BRYAN DONKIN, M.Inst.C.E., M.Inst.Mech.E. 

Gbnkkal Contbnts.— Uas En Brines :~General Description— History and Develop- 
Mtnt— Britiah, French, and German Gas Engines — Gat Production for Motive Power — 
Theory of the Gas Engine— Chemical Composition of Gas in Gas Engines— Utilisation of 
Heat— Explosion and Combustion. Oil MotOrs t—Histoiy and Development— Various 
Types— Pnestman's and other Oil Engines. Hot-Alr EnfiTUies :— History and Develop- 
■•nt— Various Types : Stirling s» Ericsson's, &c., &c 

"The BBST BOOK NOW PVBLisHKD on Gas, Oil, and Air Engines. Will be of 

TBKY GRSAT INTERBST to the numerous practical engineers who have to make themselves 
fiunihar with the motor of the day. . . . Mr. Donkin has the advantage of long 

PKACTICAL EXPBKIENCB, combined with HIGH SCIENTIFIC AND BXTBSIMBNTAL KNOWLBOGK, 

and an accurate perception of the requirements of Engineers."— 7"^ Enginttr, 

"We HBABTiLV RBCOMMBND Mr. Donkin's work. ... A monument of eardvl 

lahoar. . . . Luminous and comprehensive. " — y^unuii ofGtu Lighiini, 
" A thoroughly reliable and exhaustive Tr^9X\st'*'-EHgineeriHg. 



In Quarto, Handsome Cloth. With Numerous Plates. 25s. 

THE HEAT EFFICIENCY OF STEAM BOILERS 

(LAND, MARINE, AND LOCOMOTIVE:). 

With many Tests and Experiments on different Types of 

Boilers, as to the Heating Value of Fuels, &c., with 

Analyses of Gases and Amount of Evaporation, 

and Suggestions for the Testing of Boilers. 

By BRYAN DONKIN, M.Inst.C.E. 

Gkneral Contents. — Classification of different Types of Boilers — 
425 Experiments on English and Foreign Boilers with their Heat Efficiencies 
shown in Fifty Tables— Fire Grates of Various Types — Mechanical Stokers — 
Combustion of Fuel in Boilers — ^Transmission of Heat through Boiler Plates, 
■ad their Temperature — Feed Water Heaters, Superheaters, Feed Pumps, 
&c. — Smoke and its Prevention — Instruments used in Testing Boilers — 
Marine and Locomotive Boilers — Fuel Testing Stations — Discussion of the 
Trials and Conclusions — On the Choice of a Boiler, and Testing of Land, 
Marine, and Locomotive Boilers — Appendices— Bibliography — Index. 

With Plates illustrating Progress made during the present Century^ 
and the best Modem Prfxctice, 

" A woBK or BxvmxBHCB AT TBK8KXT tTviQCB. Will givo %n aoswer to atanoAt any 
■^Mtion connected with the performance of boiler* that it is possible to ask."— gii p< w« < r. 

" Probably the most kxbaubtivk r—Mmi that has erer been collected. A FaAono4& 
600X by a thorOQghly practical man.**— /fon and Coal Tradu Review. 

MNDON: CHMLE8 GfllFFIN i GO.. LIMITED. EXETER STREET. STRAND. 
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MNCONEMRINQ and MM0SANI08, 



Tmn» A»iii(Nf, RniHi tmd JTnfaryti Podttt-aiM^ L%ath»r^ VU, 6dL; alt^ Larger Mm fw 
QfkM CTm, OMh, 12c 6A 

Boilers, Marine and Land: 

THEIR CONSTRUCTION AND STRENGTH. 
▲ Haitdbook of RnuBS, Formui^ Tables, ka,, vajLTPrm to Matbhtal, 

QOASTUXQBf A2n> PBB88I7BB8, SAnTT YaLYXB^ SnONCM, 

Frvmraft and Mouiitzn€«» fta 

rOR THE USE OF ENGINEERS, SURVEYORS, BOILEH-MAKEBS. 

AND STEAM USERS. 

By T. W. TRAILL, M.Inst.O.E., RRRN^ 

Lftte Biifffai«er Bvmjvt-im-ObM to tk« BoMd of Tndo. 
*«* To thb Second and Thibd Editions many New Tables for Pbessubes 

up to 200 Lbs. per Square Inch have been added, 
"Thb host taxuabu wo&k on BoU«n publidied in England. "—S/kiiiipina IForld. 
Contains an EifOBJi ous Quaxtitt or IirvosMATioir arrranged In a verj oonrenlent form. . • • 
A MOtT vauxjh Toirm . . . sappiying information to be had nowhere eiae."— 27k« Xngtmetr. 



Large Crown Svo. With numerous Illustrations. 68. 

ENGINE-ROOM PRACTICE! 

A Handbook for Enfflneeps and Offieers in the Royal Navy 

and Mereantlle Marine, Including the Management 

of the Main and Auxiliary Engines on 

Board Ship. 

By JOHN G. LIVERSIDGE, 

Inglnaer, &.N., A.M.I.G.E., InBtmctor in Applied Mechanics at the Bojal NaTml 
College, Greenwich. 

ClnU«ii<«.— General Description of Marine Machinery.— The Conditions of Serrice and 
Duties of Engineers of the Boyal NaTj.— Entry and Conditions of Serrice of Engineers of 
<he Leading S.S. Companies.— RaislnK Steam —Duties of a Steaming Watch on Engines 
•ad Boilers.— Shutting off Steam.— Harbour Duties and Watohes.->AdjnstmeBts and 
Repairs of Snginea— Preservation and Hepairs of "Tank*' Boilers.— The Hull and Its 
fittings.— Cleaning and Painting Machinery.— Beciprocating Pumps, Feed Heaters, and 
Automatic Feed - Water Begnktora — Evaporators. — Steam Boau. — Electric Light 
Maohinery.— Hydraulic Machinery.— Air-Compressing Pumps.— Refrigerating Machines. 
—Machinery or Destroyera— The Management of Water-Tube Boilera- Benlations for 
Bntry of Assistant Engineers, B.N.— Questions given in Ezamioatlons for Promotion of 
Engineers, B.N.— Begulatlons respecting Board of Trade Examinations for Engineers, Mc 

** The contents oasvot rAU. to bb afpbxciatkd.**— 2!bt SUamthip. 

** This VKBTUscrcL BOOK. . . . Illustrations are of GXKAT iMPOKTAKCB in a woilc 
4jt this kind, and it is satisfactory to find that spbcial attkiitiov has been given In this 
fwpeot.*'- Ai^ifMirs' OautU 



In Grown Svo, extra^ with NumerouM lUvBtratunu. [fiftor%. 

GAS AND OIL ENGINESs 

An Introductory Text-Book on the Theory, Detdgn, Constraotien, 
and Testing of Internal Comhustion Unices witiiout BoUer. 

TOR THE TT8B OF STUDXNTS. 

By Peof. W. H. WATKINSON, Whit. Sch., M.In8T.Mioh JL, 

OlBigow and West of Sootlaad Teohateal CoUega ' 

IDNDON: CHARLE8 BRIFFIN ft CO., LIMITED, EXETER STREET, STRANfL 
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30 CHARLS8 ORIPFIN A CO.'S PUBLICATIONS. 

Second Edition, Revised. With nnmerons Plates rednoed from 
Working Drawings and 280 lUizstrations in the Text 218. 

A MANUAL OF 

LOCOMOTIVE ENGINEERINGS 

A Practieal Text-Book for the Use of Engine Builders* 

Desifirners and Draughtsmen, Bafiway 

Engineers, and Students. 

BY 

WILLIAM FRANK PETTIGREW, M.Inst.CE. 

With a Section on American and Continental Engines^ 

By albert F. RAVENSHEAR, B.Sc., 

Of His Majesty't Fstent Offloe. 

ClMto»4«. — Hlatorieal Introdnotion, 1763-186S._ Modern LooomotlTM: Simple. » 
Hodem LooomotivM: Compottnd.-- Primary ConslderaUon in Locomotive Design.— 
CrUnden, Steam Ohesta, and Stofllnir Boxes.— Piitoos, Piston Rods, Croestaeada and. 
Slide Bars.— Connecting and Conplinff Bods.— Wlioels and Axles, Axle Boxes, HombioekSy 
and Bearing Springs.— Balancinfr.—ValTe Qaar.— Slide ValTes and Valre Qear Detaila^ 
Framing, Bogies and Axle Tmcks, Badlal Axle Boxes.— Boilers.— Smoke1)ox, Blast Pipei 
Firebox Fitilngs.— Bollsr Moontings.— Tenders.- Bailway Brakes.— Lubrication.— Oon- 
snmptlon of Fnel. Evaporation and Engine Jiffldency.— American LocomotlTes— Con- 
tinentol LooomotiTea.— BepairB, Banning, Inspection, and Bentfwals.— Three Appendices. 
.Index. 

**IJkely to remain for many years the Stavoaxd Wobk for those wishing to lean' 
Design."- Aiffftfneer. 

"* A most interesting and raloable addition to the bibliography of the LocomotiTa.'*-- 
Railway Offldal Qaittit, 

** we recommend the book as thosohohlt psactical in its character, and incsrmre ib> 
moB IV AXT oouuscnoM of . . . works on LocomotiTS Engineering.**— AatfJmif Nem. 

"Hie work oontaiks all that cah bs lxaxmt from a book npon rach a subject. It 
will at onoe rank asTsa stamdabd wobx upoh tbis impobtakt sdbjxct.*'— itaJ/tvoif Jfa^onas. 



In Large %vo. Handsome Cloth. With Platea and Illuatr€Uion$. 16$, 

AT HOME AND ABROAD. 

Br WILLIAM HENKY OOLE, M.Ihst.O.E., 

Late Deputy-Manager, North-Westem Railway, India. 
Conf«nte.— Discussion of the Term "Light Railways.'*— English RailwajHs^ 
Bat«^ and Farmers. — Li^ht Railways m Belgium, France, Italy, other 
Emropean Ck>untrie8, America and the Colonies, India, Ireland.— Road Trans- 
port ai an alternative.— The Light Railways Act, 1896.— The Question of 
Oange. — Construction and Working. — Locomotives and Rolling-Stock. — ^Light 
Railways in England, Scotland, and Wales.— Appendices and Index. 

*'Mr. W. H. Oole has brought together ... a labob amocht of valuablb dtvobma- 
llov . . . hitherto practically inaccessible to the ordinary reader.**— nmei. 

" Will remain, for some time yet a Btaxdabo Work in everything relating to Light 
BattwHfB.**— /TfH^iiMer. 

**TDie author has extended praotioil experience that mxkes the book lucid and usefoT. 
It Is BZCBBnnioLT well done.'*— f it^ncrrJA^. 

** The whole subject is bxbaustively and pkacticallt considered. The work can be 
cordially recommended as mpisMNSABLB to those wbose duty it is to become aeqaaJntad 
wicb one of the prime necessities of the immediate future.*'— AaMway omeial O^MtiU, 

"TmptB COULD BB vo BBTTBK BOOK of flrst rsferenoa on iu Snbjeotb All atos s es of 
EngtaMers will welcome its appearance."— 5o0C«Buta. 

LONDON : CHARLES 6RIFFIN ft CO., LIMITED, EXETER STREET. STRAND. 
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ENQINEERINQ AND MECHANICS. 31 

Second Edition, Revised. With Numerou$ UlustraHom. 
JPfics 7s, 6cL 

VALVES AND VALVE-GEARING: 

INCLUDING THE CORLISS VALVE AND 
TRIP GEARS. 

BY 

CHARLES HURST, Practical Draughtsman. 

** OraasB ezplanailoiift illustrated hj 116 tkbt clba& diaobams and drawings and 4 foldlnf 
plfttas . . . tnebookftolfllsaTALOABLifanction."— ^lib«iicm«si. 

*'Mb. Hvict's taltm and ▼altb-obariro will proTe a Terj raloable aid, and tend to tbs 
pfodnotlon of Engines of act BVTiFic DBBiON and BcoROMiCALWOBKiKO. . . . Wlllbelargil7 
■oochl afler by Students and l>esignera.''--lfarfN« Kngiiutr, 

** UsBTtTL and TBOBOUOHLT PKAcriOAL. Will nodonbtedlj be found of orbat ▼Ai.ua to 
All aoaoeriMd with the design of VaJTe-gearlng.**— i/ecAonioU World. 

** Almost ZTBBT TTPB of TALTB and Its gearinjT ii clearly set forth, and Illustrated in 
•aoh a waj as to be bbadilt miDBBSTooD and practicallt appukd by either the Engineer, 
Draughtsman, or Student . . . Should prove both usbful and valuablb to all Engineers 
eeeklBg for bbuablb and clbab Information on the subject. Ita moderate price brings fi 
within the reach of •JL^'—lndtuiritM and Ir<m, 

** Mr. IIubst's work is admikablt suited to the needs of the practical meohanla . . . 
It is free from any elaborate theoretical discussion^ and the explanations of the yaitona 
Ijpes ofralve-gear are aooonpanied by diagrams which render them xasxlt umdrbbtood." 



JUST OUT. Paper Boards, Svo., Cloth Bock. Price Is. 6d. 
HINTS ON 

Steam Engine Design and Construction. 

BT 
AUTHOR OP *'VAI.VK8 AB1> VALVB OBABING." 

WITH NUMEROUS ILLUSTRATIONS, 

CONTENTS. 

I. Steam Pipes. VI. Crank Shafts and Pedestals, 

II. Valres. VII. Valve Gear. 

III. Cylindors. VIII. Lubrication. 

IV. Air Pamps and Condensers. | IX. Miscellaneons Details. 
V. Motion Work. Index. 

"A handy rolnme which every practical young engineer should posiess.**— 7*A« Modtf 
Emgimeer. 

LONDON: CHARLES QRIFFIH ft CO., LIMITED, EXETER STREET, STRANa 
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|S OHAMLm QMIFFIN S 00:8 FUBLIOATIONB. 

Important New Work. 21«. 
Large 8to, Handsome Cloth. With IIlu8trati<»8, Tables, ke. 

Lubrication & Lubricants: 

A TREATISE ON THE 
THEORY AND PRACTICE OF LUBRICATION 

AND ON THE 

NATURE, PROPERTIES, AND TESTING OF LUBRICANTS. 
By LEONARD ARCHBUTT, F.LO., F.O.S., 

Chemiat to the Midland Railway Gompaoy. 
AND 

R. MOUNTFORD DEELEY, M.LM.E., F.G.S., 

Midland Railway Locomotive DeiMutment. 

Contents.— I. Friction of Solids.— II. Liquid Friction or VIscoalty, and Flastie 
Friotion.— III. Superficial Tension.— IV. The Theory of Lubrication.— V. Lubricants, 
their Sources, Preparation, and Properties.- VI. Physical Properties and Methods of 
Examination of Lubricants.— VII. Chemical Properties and Methods of Examination 
of Lubricants.— VIII. The Systematic Testing of Lubricants by Physical and Chemical 
Methods.— IX. The Mechanical Testing of Lubricants.— X. The design and Lubricatioii 
of Bearings.- XI. The Lubrication of Machinery.— Index. 

" Destined to become a classic on the subject."— /ndtMtrtM and Iron. 

"Contains practically all that is known on the subject.; {Desenrei tbecarefol 
Attention of all Engineers."— /{atftmy Ojfleiai Guide. 



Thira Edition. Fery/ti0y IlhutrcUed. Oloih, U. 6dL 

STEAM - BOILERS: 

THKIB DXnSOTS, ICANAaXlCXNT, iXD OOMSTBUOTIOM. 

Bt r. d. mxtnro, 

Chi^ Engineer of the Soottith BoUer Insurance and Bngins Inipeetion Cotnpemf, 
Gbkbral Contents.— I. Explosions caused (i) hj Overheating of Plates— («) By 
Defective and Overloaded Safety Valves-^(3> By CorrosuHi, Internal or £xtemal*-Hf4) By 
Defective Design and Constnictioi) (Unsupported Flue Tubes ; Unstrengthened Mannoles ; 
Defective Suying ; Strength of Rivetted joints; Factor of Safety)— II. Constructiok or 
VsmcAL BoiLBits: Shells— Crown Plates and Upuke Tubes— Man-Holes, Mud*Holas, 
And Fire>Holes — Fireboxes — Mountings — Management — Cleaning — Table of Bunting 
Pressures of Steel Boilers — Table of Rivetted Joints — Specifications and Drawings of 
Lancashire Boiler for Working Pressures (a) 80 lbs. ; (jt) 900 iW per square inch respectivelv. 
" A valuable companion for workmen and engineers engaged about Steam Boilers, ought 
<o be carefullv studied, and always at hand." — CoU. Gnanlian. 

" 11ie book is vbrv usbpul, especially to steam users, artisans and young Engineers." — 
Engineer. 

Bt ths SAMS Author. 

KITCHEN BOILER EXPLOSIONS: Why 

they Occur, and How to Prevent their Occurrence. A Practical Hand- 
book based on Actual Experiment. With Diagrams and Coloured Plate, 
Price 3s. 

NYSTROM'S POCKET-BOOK OF MECHANICS 

AND ENGINEERING. Revised and Corrected by W. DxNNis MAmxs» 
Pb.B., C.E. (YALE s.s.s.)» Whitnev Professor of Dynamical Ennncerii^ 
UniTeisity of Pennsylvania. Pocket Size. Leather, 15s. TwBifTV- 
FIRST EDiTioif, Revised and greatly cniaiged. 

UDNDON: CHARLES GRIFFIN A CO.. LIMITED. EXETER STREET, STRANB. 
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Mnqinserinq anH liiati'ANicm. 33 

Fifth Edition. Folio, itrongly half-boimd, si/. 

TRAVERSE TABLES: 

Computed to Four Plaees of Decimals for every Minute 
of Angle up to 100 of Distance. 

For the use of Surveyors and Engineers. 

BY 

RICHARD LLOYD GURDEN, 

Aathorised Surveyor for the Gofcrnments of New South Waktaad 
Victoria. 

*«* IHtkKshid wUh the Cvnmnraue •/ the Sutwy^rt^GmmU for New South 
Wales attd Vktoria, 

**TboM who have •xp«ri«Bce in «nct Scnnnnr-wosx will beat know how to appreciato 
the MMnnons aaumnt of labour wpumutcd by this Taluable book. The ccttiputatioiu 
onable the user to aaoertaia the tines and ooemes for a dutence of twel^ miles to within 
half an inch, and this by Rsnountcx to bvt Okb Tablb. in place ol tbe usual Fiftetn 
ttittttte compntations raqnired. This alone is evidence of the assutanoe which the Tables 
ensure to everf vser, and as vnrf Snrveyor in adire practioe has felt the want of such 
assistance fbw knowing op thbir publication will bbmain without tmbm." 



Third Edition. In Two Parts, Published Separately. 
A TEXT-BOOK OF 

Engineering Drawing and Design 

Vol. I. — Practical Geometry, Plane, and Solid. 3s. 

Vol. II. — Machine and Engine Drawing and Design. 48. 6d» 

BY 

SIDNEY H. WELLS, Wh.Sc, 

A.M.»8V.C.B., A.lf.IV8V.lfB0H.B., 

Prtadpal of the Battersea Polvteehnie Instltnte. and Head of the EBglneerinir DepaitaMMl 

thertin ; formerly of the Engineerinp Departnients of the Tornhhre OoUece. 

Leeds ; and Dnlwleh CkiUese, London. 

WUk momy lUwtrationgf speaaUy prepared for the Work, and numtrtme 
SxampleByfor the Uee of Students in TechniccU Sehoole and CoUegee* 

_ ** A VHOBOVOHU irtBPUi WOBK. exoeedlBgly well writton. For the many Enim^lei aad 
Onestlons we hare nothing bnt praise.*'— ifatiire. 

** A 04PI9AI TBXT-BOOK, smnged on an BZCBuam snnM, ealonlated to give an InteUiieBt 
frasp of the subject, and not the mers faculty of mechanical copying. ... Mr. Weill ahom 
Itow to make cohpurb V0BXiB«-i>BAWXB«e, dlseaaaing ftiUy each sCap fai tho ilaalia.''— Jfiiii'i^f 



** The first book leads BASitT and vatvbaut towards the second, where the teoluilaal 
Is brooght Into contact with hoie and more complex designs."— 3^ MootoHMltp. . 

LONDON: CHAIU.E8 GRIFFIN ft CO., LIIUTED. EXETER STREET. STRANB. 
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S4 CHABLES ORIFFIN ds COJS PUBLICATIONS, 

WORKS BY 
ANDREW JAMIESON, M.Inst.C.K, M,I.E.K, F.R.S£^ 

Ftrmerly Pro/uttr of Electrical EHztnetrltttr, Tkt Glasgow attd Wnt of Scotland 
Technical College, 



PSOFESSOB JAHIESON'S ADTAHCED TEXTBOOKS. 

In Largt Cnvm itz«. Fully lUustrattfU 

STEAM AND STEAM-ENGINES (A Text-Book on). 

For the Use of Students preparing for Competitive Examinations. 
With 600 pp., over 200 lUastrations, 6 Folding Plates, and numerous 
Fxamination Papers. Thirte&nth £dit/ON, Revised. 8/6. 
''Fkofenor Janueton tasciaates the reader by his clkaxnbss of concbption ani> 
siMructTV or xxpkbssion. His treatment recalls the lecttuing of Faraday. *'--i4/Am««nM. 
*' TIm Bbst Book yet published for the use of Students."— Zr«pw#^- 
" Undoubtedly the most valuablb and most complbtb Huid-book on the subject 
that now ^»^— "— M anfte BtH^ineeT, 

MAGNETISM AND ELECTRICITY (An Advanced Text- 

Book on). Specially arranged for Advanced and " Honours " Students. 
By rrof. Jamieson, assisted by David Robertson, Jr., B.Sc. 

APPLIED MECHANICS (An Advaneed Text-Book on). 

Vol. I. — Comprising Part I.: The Principle of Work and its applica- 
tions; Part II.: Gearing. Price 7s. 6d. Third Edition. 
" Puixv MAINTAINS the reputation of the Author— more we cannot say."— Pm^ I. 
Engineer. 

Vol II. — Comprising Parts III. to VI. : Motion and Energy; Graphic 
Statics; Strength of Materials; Hydraulics and Hydraulic Machinery. 
Second Edition. Ss. 6d. 

"W«LL AND LUCIDLY WRITTEN.*'— rA* Engineer. 

*«* Euch of the above Z'olumes is complete ih itself^ and sold sv^aratefy. 



PROFESSOR JAMIESON'S INTRODUGTORT MANUALS. 

Crown %vo. With lUustroHom and ExaminaHon Papers, 

STEAM AND THE STEAM-ENGINE (Elementary 

Manual of). For First- Year Students. Eighth. Edition, Kevised. 3/6. 
" Quite the kight sort op book."— £M^M«rr. 
" Skould be in the hands of bvbrv engineering apprentice.**— /'mc/nra/ Engineer. 

MAGNETISM AND ELECTRICITT (Elementary Manual 

of). For First- Year Students. Fifth Edition. 3/6. 

** A CAPITAL TSXT-BOOK . . . The diagrams are an important leature.**—^<:A«0/Mmw<rr. 

"A TMORoi/GHLY TRUSTWORTHY Text-boolc . . . Arrangement as good as well 
ctti be. . . . Diagrams are also excellent. . . . The subject uu^ughcmt treated as an 
MMntially practical one, and rery clear instructions given."— Aa/«9tf. 

APPLIED MECHANICS (Elementary Manual ofK 

Specially arranged for First- Year Students. Fourth Edition^ 
Revised. 3/6. 

'* Nothing is taken for granted. . . . The work has vbrv high quautiss, which 
wucf be cnndpnswl into the one word ' clbar.' ''-Science and A rt. 

A POCKET-BOOK of ELECTRICAL RULES and TABLE& 

fOM TUB VSS OP SLSCTRICIAtrS AND SNGINS£KS. 
Pocket Siie. Leather, 8«. 6d. Fifttmth EtUHm. See p. 43. 



LONDON : CHARLES 6RIFFIN A CO.. LIMITED, EXETER STREET, STRAND. 
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tmraiNEMRlNO AND MKOBAmOB. 3S 

WORKS BY 

W. J. HAGQUORM RAMKINE, LLD, F.R.S., 

ImH Il9glu9 ProfuMor of CMI Engln—rtng In tht Untimnitg 9f Wmtttm. 
THOBOnOHLT BSVUXD BT 

W. J. MILLAE, C.E., 

Ut% 89orwtaiy to tho fmtttuto of Englnoon and SklpbutUon In SeotlmA 



A MANUAL OF APPLIED MECHANICS : 

CJompriBing the PrinciploB of Statics and Cinematics, and Theorj of 
Straotures, Mechanism, and Machines. With Nnmeroiia Diagramflb. 
Crown 8yo, doth, 12s. 6d. Sixteenth Edition. 



A MANUAL OF CIVIL ENGINEERING: 

Comprising Engineering Surveys, Earthwork, Foundations, Masonry, Gar> 
pentry. Metal Work, Roads, Railways, Canals, Rivers, Waterworks^ 
Harbours, ko. With Numerous Tables and Illustrations. Crown tvo 
cloth, lOs. Twenty-First Edition. 



A MANUAL OF MACHINERY AND MILLWORK : 

Comprising the Geometry, Motions, Work, Strength, Constnietion, aatf 
Objects of Machines, &c. Illustrated with nearly 300 Woodonta. 
Crown 8vo, cloth, 12s. 6d. Seventh Edition. 



A MANUAL OF THE STEAM-ENGINE AND OTHER 
PRIME MOVERS: 

With a Section on Gas, Oil, and Aib Engines, by Bbtav DoiiKiirt 
M.InstCE. With Folding Plates and l^umerons BliiBtratioaA, 
Crown 8vo, cloth, 12s. 6d. Fourteenth Editiok. 

LONDON: CHARLES GRIFFIN ft CO., LIMITED, EXETER STREET, STRAND^ 
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36 OH A Rim GRIFFIN dt C0J8 PUBLIC A TIONS. 

Fwow, RANKimi's Wo¥M {Cmtimimfy, 

USEFUL RULES AND TABLES: 

for Arafalteoto, Builders, Engineeni, Foanders, Meekanict, Shipbiiild«ri» 
SurreyorB, ko. With Appendix for the use of ELEOimoAL Ekoinum. 
By Profeeior Jamisson, F.K.S.E. SsvsifTH Edition. 10s. 6d. 



A MECHANICAL TEXT-BOOK: 

APrAotioal and Simple Introduction to the Stady of Mechanioi. By 
Professor Ranxinb and E. F. Bambbb, G.E. With Numerous Wxt^ 
trations. Crown 8yo, cloth, Qs. Fifth Edition. 
V Tht "IfTCHABKUL Tsxx-Boox** WM dmigMd »y ProfMWir JUmesmu m mm Ira»> 



MISCELLANEOUS SCIENTIFIC PAPERS. 

Royal 8vo. Cloth, 31b. 6d. 

Part L Papers relating to Temperature, Elasticity, and Expansion of 
Vapours, Liquids, and Solids. Part IL Papers on Energy and its Trans- 
fermations. Part III. Papers on Waye-Forms, Propulsion of Vessels, &o. 

With Memoir by Professor Tait, M. A. Edited by W. J. Mhj^ab, C.S» 
Wiih fine Portrait on Steel, Plates, and Diagrams. 

" No more endorfng Mencml of PrafiBMor RjuBldne could bo doriaod thou the paUk^ 
Hob of diow papers in an accessible fbnn. . . . Tlie CoUectioa is most valiuddo o* 
atosunt of 4he nature of hU disooreries, and the beaotr and complotimeas of has analyaa. 
. . . The Volume exceeds in importaaco any woric in the same dopactmoat puUishoA 
in onr time."— ^ncAAM. 



SHELTON-BEY (W. Vincent, Foreman to the 

Imperial Ottoman Gun Factories, Constsntinople) : 

THE MECHANIC'S GUIDE: A Hand-Book for Engineen «i« 
, Ajrtisaas. With Copious Tables and Vakable Recipes for Practical Vm, 
Dlvstnted. Secomd Etmion. CrcmnSvo. Cloth, 7/d. 

lONDON : CHARLES QRIFFIN ft CO., LIMITED. EXETER STREET, STRANDi 
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nKQINBMRmO AUTD MMHANIOB. 37 

IMPORTANT NEW WORK. JUST OUT. 

In Large 8»o, Handsome Cloth, With Frontispiece, several Plates, 
and over 250 Itlustratiorvi, 2U. ; ' 

THE PRINCIPLES AND CONSTRUCTION OF 

PUMPING MACHINERY 

(STEAM AND WATER PRESSURE), 

With Practical Illustrations of Enginbq and Pumps applied to Mining,.' 

Town Water Supply, Drainage of Lands, ftc, alao Economy 

and Efficiency Trials of Pumping Machinery. 

By henry DAVEY, 

Member of the Institution of GItII Engineen, Member of the Inetittition of 
Mechanical Engineers, F.6.S., Ac. 

OoNTKNTS —Early History of Pumpiiig En^es— Steam Pmnping Engines — 
Pmnps and Pump Valves— General Principles of Non-Rotative Pumping 
Engines— The Cornish Engine, Simple ana Compound — Types of Minings 
Engines — Pit Work— Shaft Sinking—- Hydraulic Transmission of Power in 
Mines — ^Valve Gears of Pumping Emnnes — Water Pressure Pumping Engine» 
— Water Works Enpnes — Pumping Engine Economy and Trials of Pumping 
Machinery — Centrifugal and other liow-Lift Pumps — Hydraulic Rams, 
Pumping Mains, &c.— Index. 

"By the *one English Engineer who probably knows more about Pumring Machinery 

than 1ST QflHBB.* ... A VOLUMB RBCORDIKQ THR BSSUUrS of LOHO BXFKBlUrCB ANI>- 

STUDT."— rA« Engineer. 
** Undoubtedly THE bbst amd host rRAcncAi. TmsATisa on Pumping Machinery ibat ba» 



SBCOJiD EDITI0:N, Revised and Enlarged. 
In Large Svo, Handsome cloth, S4s. 

HYDRAULIC POWER 

AND 

HYDRAULIC MACHINERY. 

BT 

HENRY ROBINSON, M. iNST. C.E., F.G.S, 

IBIXOW OF KIMG'S COLLBGB, LONDON ; PSOF. OF CIVIL momBBBIini, 
KINGS COLLSGB, BTC, BTC 

Wftl) itumetou0 TllIloo^cttt^» anD Siarti^*nine putee* 

" A Book of great Profesnonal Usefulness.**— /rais. 

lOKDOH : GHARLE8 GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 
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58 OHARLMS QEIFFIN S 00:S PUBUOATIONB. 

Mi/tU 999, MtmdMmf Olotk, 269. 
With numerous JUustraHom ana TaHts. 

THE STABILITY OF SHIPS. 

BY 

SIR EDWARD J. REED, ILCB., F.RS., M.P., 

■MOBT or TKB IHnRlAL OXDSXS Of 8T. tTANILAVS Of SVtOA; RAIffCIf JOMTM OT 

austbia; msdjidis or nrxionr: and sisino sum or japam; nca* 

PSXSIDBMT or THB tNSTlTUTlON Or MAVAL AXCHITBCTS. 

la order to render the work complete for the purposet of the Shipbuflder, whedMt «t 
bone or abroad, the Methods of Calculation introduced by Mr. F. K. Basnbs, Mr. Obav^ 
M. Rbbcm. M. Daymaxd, and Mr. Bbnjamin, are all given separatel^^r, iUastmled hf- 
Tables ana worked-out examples. The book contains more than aoo Diagrams, and m 
Oustrated by a huge number of actual cases, derived firom ihips of all descripliicms. 



'< Sir Edward Rbbd's ' Stabclitv or Ships ' is invaldablb. The Navai. i 
win find brought togetner and readv to his hand, a mass of infonnation which he woold odisr- 
wiae have to seek in an almost enoless variety of publications, and soma of which he wovM 
posribly not be able to obtain at all elsewhere."— 5 /<wiwMi^. 



THE DESIGN AND C0N8TKUCTI0N OF SHIPS. By John 
Harvard Biles, M.Inst.N.A., Professor of Naval Architecture in the 
University of Glasgow. [/« Preparation, 

JrsT our. Illustrated with Plates, Kimierous Diagrams, and F*igures 
in the Text. 1 8s. net. 

STEEL SH IPS: 

THBIB CONSTBUCTION AND MAINTENANCE. 

A Manual for Shipbuilders, Ship Superintendents, Students, 
and Marine Engineers. 

By THOMAS AVALMON, Naval Architect, 

AUTHOR OF " KNOW VOIR OWN SHIl'." 

GoNTKN'Ts— I. Manufacture of Cast Iron, Wrought Iron, and Steel.— Com - 
{Kisition of Iron and Steel, Quality, Strength, Te8t8, &c. II. Cla88i6cat)on of 
8te«l Ships. III. Considerations in making choice of Type of Vessel — Framinc 
of Ships. IV. Strains experienced by Shi{>s. —Methods of Computing and 
Comparing Strengths of Ships. V. Construction of Ships. —Alternative Modes 
of Construction.— Types of Vessels.— Turret, Self Trimming, and Trunk 
i^teamers, &c. — Rivets and Rivetting, Workmanship. VI. Pumping Arrange* 
inents. VII. Maintenance.— Prevention of Deterioration in the Hulls of 
>^hip8.— Cement, Paint, &c. — Ini)E.\. 



Second Edition, Cloth, 8s. 6d. Leather, for the Pocket, Ss. 6d. 
OKIFFIN'S ELEOTKIOAL PKICE-BOOK: For Electrical, Civil, 
Marine, and Borough Engineers, Local Authorities, Architects, Railway 
Contractors, &c., &c. Edited by H. J. Dowsing. 

'* The Elbctrical Pricb-Book xsmovbs all mystbrv about the cost of Kbetrk*! 
Power. By its aid the bxpbnsb that will be entailed by tttilisiog electricity oo a iMge m 
oaall ssale can be disoovered."— .^frA«/«c/. 

LONDON: CHARLES GRIFFIN ft CO., LIMITED. EXEHR STREET, STRAND. 
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BNGINMERINO AND MMOMANICfS. 



FouFtoenth BdltlOB, RevlMd. PHm 2Uk 

Jhmf Svo, (Xoth, WUh Numeroui lUutlraticni, rnhtud J^rmm 

Working Drmomg: 

A MANUAL OF 

MARINE ENGINEERING: 

COMPRISINO THE DESIGNING, CONSTRUCTION, AND 
WORKING OF MARINE MACHINERT. 

By A. E. SEAT ON, M.Inst.C.EM H, Inst Meelu £•• 
M.Inst.N.A. 



GKNERAL CONTKNTS. 



Part L— Prineiples of Marine 
Ppopulsion. 

Part II.— Principles of Steam 
Engineering. 

Part m.— Details of Marine 
Engines: Design and Cal- 

V This Edition incladea a Chapter on Watbh-Tubb Boilbrs, with IUuitr»- 
tiont of the leading Types and the ReTised Rules of the Bwnau VtriUu, 



eulations for Cylinden^ 
Pistons, Valves, Ezpansioa 
Valves, &e. 

Part IV.— Propellers. 

Part v.— Boilers. 

Part VL— Miscellaneous. 



" In the three-fold oapaoityof enablint a Student to learn how to design, oemtnio^ 
and work a Marine Steam-Engine, Mr. Seaton's Manual has HO RiTAL.^'->ZyMM. 

" The important subject of Marine Engineering is here treated with the moBOUoa- 
JKwm that it requires. No department has esoaned attention. . . . Gives tha 
results of mucb olose study and practical work."--XiuKMi>^«0* 

" By ihr the bbt Manual m existence. . . . Gives a complete aabount of tha 
methods of lolTing, with the utmost posiible economy, the problems before the Marina 
BnBiMer.''-JttSiaii». 

''The Student, Draughtman, and Enguy«r will find this work the MOOT taluabu 
Handbook of Reference on the Marine Engme now in ezistence."->Mi0HMf Emgimmr* 



Sixth Edition, Revised. Pocket-Siae, Leather. Ss. 6d. 
A POOKET-BGOE OF 

MARINE ENGINEERING RULES AND TABLES, 

TOK THX trSX OF 

Marine Engineers. Naval Architects, Designers, Dranghtsmei^ 
Superintendents and Others. 

BT 

A. E. SEATON, M,LO.E., M.I.Mech.R, M.LN.A., 

AND 

H. M. ROUNTHWAITE, M.LMeoh.E., M.LN.A. 

"AsiinABLT ruLFiLS its purpose."— Jf«rM# MmgimM r , 

LONDON: CHARLES BRIFFIN ft CO., LIMITED, EXETER STREET, STRAND. 
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4^^ OBAMiMtminm s^oo.'g Fvmmmnojn 
WORKS BT Pliei^. BOBSBT R. SMITH, As8oe.H.I.C.E.» 

HLHE., mSLK, HLMtaJE., Whit S«l&., M.Oid.M«liL 



THE CALCULUS FOR ENGINEERS 

AND PHYSICISTS, 

Applied to Teehnleal Problems. 

wRB MxtmnvM 

CXtAMMIWISD BSPEBJBNCJS UST OF JJXTKSRAIA 

By PROF. ROBERT H. SMITH. 

R F. MUIRHEAD, M.A., B.Sc., 

fteBMrly Olftrk FaUow of GImvow UniT«nity, mhI Leetnrer on Matfmtimtlo-^ 

In Crown Svo, extra, toUh Dtagramt amd Folding^Platfi, 80., 9cL 

** Pmov. B. H. SvtTH'e book wlU bo loirioaoblo tn rendering o bard rood a* lAnr At nAARO- 
ABU for tbe non-mathenatieal Sindent and BDaSneer."— ^lAciunim. 

** Intercrting diagnuns, with practical UlnatratioBs of actual occurnttoek aiioto bofoud b«i» 
IB abondanoib TBI rwaj ooiirLan CLAMinm iinAiiiai yams ^rill orovo nm^ nmM fm 
OATiaf tho timo of thoM who want an integral In a hnnr,''—2%* Siie§nMm, 



MEASUREMENT COI4VERSION3 

(TBhgiiiit ftoft VrwM^): 

» G&Af HIC TABLES Oft DIAa&AMSw 

Showing at a glance tho Mxttual Convsbsioic of MxAsvaraonraiL 

in DlFRBXNT UlVITS 

Of IiOTgthg, Areas, Volumefl, Weighti» StrMsea, Dentltiea, Qnantttia* 

of Work* Hone Powejs, Temperatuxea» Ao. 

for th9 VM of Cnginoon, Sunayonit Arehitoeto, tmd Contraotora. 

In 4to, Boarda, 7b. 6/L 



V* Prof. Smith's Coifrxitsioiff-TABLn fosmi the most nniqne and oom* 
m^enaiTe collection ay«r placed helbre the profiaaaion. Sy tbaiz «ae miifik 
tbne and labour will be aayed» and the chanoea of error in oalcnlatlon 
diminiahed. It la believed that henceforth no Engineer's Office will be^ 
eooatdered complete without them. 

** Tbi work la AiyAiPAaM.'*«-C»ttwry OnTdiaiK ' ' ' : ? 

*' Ought to bo in anaT offioo whore eren oo^adlQual cooTerrions aro reqnbod. . . . Prol 
Wnat^ Tabus fonn very bzcbubb* obbcxs ob roralta."— iSteoCrieai iieoiew. 
^ '*Profc qjatfH dOMHea thq.heartrtiM«»hi> not only of tho gianisM|, Iplfof tlj^OoKMaaqAB 
WoBUk for havmg emoothod the war for the Andmoii of tho wmuo Bnnii oTuASVuiBn* 
a mhloiBS which is now amnlng gnat inportSBoa ts a Ibetor^iii «i^»t>in|»^g our aou npoft 
voaaiev faABL"— 21k< JMieiMMry JrarM. 
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In Lai^ 8vo. Handaome Cloth. 10b. 6d. 

CHEMISTRY FOR ENGINEERS. 

BT 

BERTRAM BLOUNT, and A- G. BLOXAM, 

_ F.LC. F.O.8.. A.LC.B.. P.tO.. F.aS^ 

OMHolUiig Oh«mlrt to the Orown. A«ente for OonmMmr OhemM, Ua^ of 41m ObtnyHiy 

thaOolontea. Department, OoMtmttl^ IdA, 

New { 



OBITBBAI. COimilTB.— Introdnotlon— ahemlsfeiT of the Ohl«f 1 
«f CkmatmetiOA— Sovroei of Bnorcj— Ohomlstry of Stoam-nlsliir— Ohomli- 
try of Luhricatlon and Lubrleanti— MwtaUnrgloal Ftooomm VMd In tho 
Winning and Manofiustnro of Metals. 

" The Mthors hATe buocbkdkd beyond all ex p eeta tl o n , ud here prodvoed a wotk wUflk 
■feoold ftlTe VBSSR POWER to tho fiaglneer and MamifMtaxw."— TTke Timtu 

_ **PmAC*lCAL THKOUQBOUY ... Ml AfiXIIASUI HSV-BOOX, VfOfU DOt ODlf tO I 

tal to SjfGnrins and Mavaovu ov wobu in r&BTHtnw wian and vamaroQ pboc 



'*A book worthy to take n«8 ram . . . treatment of the enbjeet of 
partlenlarly ffood. . . . Wasbb gas and ite orodaction clearly worked ont. 
W4BIUT mncomnVD the work.''-WeiinMi ofQm JM^in0. 




For C(Hnpanion Volume by the same Aathara, see " CHBMnvAV 
FOB Mahufactubbrs/' p. 71. 



Works by WALTER R. BROWNE, M.A., M.lNST.G.E., 

Late Fellow of Trinity College, Cambridge. 



THE STUDENT'S MECHANICS: 
An Introduetlon to the Study of Foree and Motion. 

With Diagnaai» Crown Svo. Qoth» 4k 6d. 



r is ityla and pndkal m mathod, 'Thb Stvsiwx's ManaMMi' wmttMaM^U W 
mImI froM all poials etfwem** Atkmmmm,. 



FOUNDATIONS OF MECHANICS. 

Tmpen reprintad fixnn the Engi mm '. In Cjrown 8to^ is. 



Demy 8to, with Numerous Illustrations, 93. 

FUEL AND WATER: 

A Manual fbr ITsers of Steam and Water. 

Br FnoF. FRANZ SCHWACKHOFER of Vibnna, and 

WALTER R. BROWNE, M.A, CE. 

Oaiii ig CoNTKirr8.~Heat and Combustiott—Fuol, Varietiea df— Flaas Arrange^ 

maata: Ftenace^ Flue^ Chimney— Tho Boiler. Choioa of — Varietiea— Feed-water 

Heatan— Steam Pipe*— water : Comporition, PuRficatum^Fnmuitkdi «f SoiH^c.; &c. 

"The Secdon on Heat ia one of tho bert and moat K^oid^evw written.''->igiim<w'awi 

" OiMMit fiul to be lahialdo to thff rtf- 4 f wt i'm f at)Sam avwa."— >ifaafa^^ AaMiiHnk 
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42 OHARLBS GRIFFIN A CO.'S PUBLICATIONS. 

CRIFFirS LOCAL COVERHMEHT HAHPBOOKsT " 

WO&KS SUITABLE FOR MUNICIPAL AND COUNTY ENOINSEJftS. 
ANALYSTS, AND OTHEBS. 

Gas Manufacture (The Chemistry of)- A Handbook on the Pro- 

dactlon, Purification, and Testing of Illuminating CTas, and the Assay of the Bye- 
Product of Oas Manufacture. By W. J. A. BUTTEKriRLi>, M.A., V.I.C, F.C.S. With 
numemuB Illustrations. Handsome Cloth. Skoond Edition, Revised and Enlaiged. 
With a Section on Acetylene. lOs. 6d. (See page 77. 

" Well desenring a place in every gas engineering library."— Journal 0(f Ga$ Ugkttng. 

Central Electrical Stations : Their Design, Organisation, and Manage- 
ment By C. H. WORDINOHAX, A.K.C., M.Inst.C.E. Price 248. net. 
jp ar detaHa aee oppotiU page. 

Sewage Disposal Works : A Guide to the Construction of Works for 
the Prevention of the Pollution by Sewage of Rivers and Estuaries. By W. SANTO 
CRIMP, M.InstC.E., r.G.S. SECOND EDmoN, Revised and Enlarged. Large 8vo, 
Handsome Cloth. With S7 Plates. Price SOs. [See page 76. 

" The XOST COMPLETE AND BEST TIIKAT18E on the subject which has appeared in our 

Kagaage,"—Bdinbutyh Medical JowmaL 

Calcareous Cements : Their Nature, Preparation, and Uses. With 
some Remarks upon Cement Testing. By Gilbert Redgrave, Assoc. Inst.C.E. 
Large Crown 8vo. With Illustrations, Analytical Data, and Appendices on Costs, Ac. 
8s. ed. [See page 76. 

"Invaluable to student, architect, and engineer. "^<Sui/dtn{f Netce. 

Road Making and Maintenance : A Practical Treatise for Engineers, 
Surveyors, and others. With an Historical Sketch of Ancient and Modem Practice. 
By Thomas ArrKEN, Assoc. M. Inst C.E., Member of the Association of Mnnicipal 
and County Engineers ; Member of the Sanitary Inst. ; Survevor to the County 
Council of Fife, Cunar Division. Large 8vo, Handsome Cloth, with numerous 
Plates, Diagrams, ana Illustrations. 2l8. (See page 77. 

"Should be on the reference shelf of s\'ery Municipal and County Enoinkbr in 

the United Kingdom."— rA« Surveyor, 



Light Railways at Home and Abroad. By William Henry Cole, 

M.Inst.C.B., late Deputy Man.iger, North-Western Railway, India. Large 8vo, 
Handsome Cloth, Plates and illufttrations. 16s. [See page 30. 

" Will remain for some time yet a Standard Work in everything relating toLight 
Railways."— TAe Eiigineer. 

Practical Sanitation : A Handbook for Sanitary Inspectors and others 
interested in Sanitation. By Geo. Reid, M.Dl, D.P.H., Keliow of the Sanitary 
Institute, Medical Officer, Staffordshire County Council. With Appendix on 
Sanitary Law, by Herbert Manley, M.A., M.B., D.P.H. Eighth Edition, 
Revised. Cloth, 6s. [See page 78. 

"A handbook useful to Sanitary Inspectors, and all interested in Sanitary 

matters."— Sianleary Record. 

COMPANiON VOLUME TO ABOVE. 

Sanitary En^neering: A Practical Manual of Town Drainage and 
Sewage and Refuse Dbposal. By Frank Wood, A.M.In8t.C.S., F.G.S. Fully 
niustrated. [See page 79. 

Dairy Chemistry: A Practical Handbook for Dairy Managers, Chemists, 
and Analysts. By H. Droop Richmond, F.C.S. , Chemist to the Aylesbury I>airy 
Company. With Tables, riustrations, &c. Handsome Cloth, 16b. [See page 78. 
*' The BEST contribution to the subject that has yet an>eared."— TlAe Lancet 

Flesh Foods: With Methods for their Chemical, Microscopical, and 
Bacteriological Examination. A Handbook for Medical Men, Inspectors, Analysts, 
and others. By C. Ainsworth Mitchell, B.A., F.I.C., Mem. Council Soc. of Public 
Analysts. With numerous Illustrations and a coloured Plate. 10s. 6d. [See page 78. 
** Will save Medical Men, Analysts, Sanitary Inspectors, and others an infinri 

amount of RBFlBENCl."— ITke Laneet. 

Foods: Their Composition and Analysis. By A. Wyntkb Blyth, 
•M.R.C.8., F.C.S.. Public Analyst for the County of Devon. With Tables, Foldtng 
Plate, and Frontispiece. Fourth EDinoN, Revised. 21s. [See page 7S. 

" AN ADMIRABLE DI0B8T Of the most reoent state of knowledge."— Cft^nMcoi Newt, 

LONDON: CHARLES SRIFFIH ft CO.. LIMITED. EXETER STREET, STRANDl 
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ELEOTEWAL ENQINEEMNQ. .43 

Just out. In Large %vo. Handsome Cloth, Profusely Illustrated 
with Plates^ Diagrams^ attd Figure 24s. net, 

CENTRAL ELECTRICAL STATIONS: 

Their Desisfn, Organisation, and Hanagement 

Including the Generation and Distribution of Electrical 
Energy, 

By CHAS. H. WORDINGHAM, 

A.K.C, M.lNST.CE., M.Inst.Mhch.E., 

Late Member of the Council of the Institute of Electrical Engineers, and Electrical 

Engineer to the City of Manchester. 

CONTENTS. 

Introductory. — Central Station Work as a Profession.— Central Station Supply as an In- 
vestment —The Establishment of a Central Station —Systems of Supply.— Choice of Site — 
Architectural Features. — Choice of Plant and General Design. — Boilers^ — Systems of 
Draught and Waste Heat Economy. — Methods of Firing Boilers— Coal Handling. Weighing, 
and Stcrlng. — Feeding of Boilers. — The Transmtsuon of Steam. — Generators. — Condensing 
Apoliances. — Switching Gear, Instruments, and Connections.— Distributing Mauns.— Drawing- 
in Systems. — Built-in Sjrstems, Dielectrics. — Insulation, Resistance, and Cost. — Distributing 
Networks — Service Mains and Feeders. — Testing of Mains. — Recording and Laying of 
Mains.— Meters and Appli4^lces on Consumers' Premises.— Standardising and Testing Labor- 
atory —Secondary Batteries. — Street Lighting —Cost of Production.— Methods of Charging. 
— Regulations of Consumer's Installations. — General Organisations of a Central Station — 
The Generating Station.— The Mains Department —The Installation Department— The 
Standardising Department — The Drawing Office, Transforming Stations, and Street Light- 
ing—The Clerical Department- The Consumer.— The Routine and Main Laying.— Imdbx. 

"One of the most valuablb contributions to Central Station literature -we have had 
for some time. We wonder at the industry and perseverance which have produced the 
volume before \xs." —EUctricity. 



KUNBO k JAMIESON'S ELECTRICAL POCKET-BOOK. 
FiKTBENTH Edition, Revis^ and Enlarged. 

A POCKET-BOOK 

OP 

ELECTRICAL RULES & TABLES 

FOR THE USB OF ELECTRICIANS AND ENGINEERS. 

By JOHN MUNRO, C.E., & Prof. JAMIESON, M.Inst.C.E., F.R.S.F. 
With Numerous Diagrams. Pocket Size. Leather, 8s. 6d. 

aXKlBRAL OONTXNTS. 

Units of Measurement. — Measures. — Testing. — Conductors. — Dielectrics. — Submaiino- 
Cables. — Telegraphy. — Electro-Chemistry. — Electro-Metailurgy. — Batteries. — Dynamos and 
Motors. — Transformers. — Electric Lightuig. — Miscellaneous. — Logarithms. — Appendices. 

"WowDBUPULLY pBirBCT. . • . Worthy of the highest oomouadatiOB we ca& 
givB 'tL**—El4cirietait, 

"Tho SmuNO Valitb of Mems. Munko and Jamibsom's Poaurr-Boox."— > 
Mkc iriemi lUview. 

LONDON: CHARLES GRIFFIN i CO., LIMITED, EXETER STREET, STRAND. 
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^ PBOFESSaBS J. H. POYNTiya ft J. J. THOMSON. 
In Large Sro. PuQy Uluftrated. 

A TEXT-BOOK OF PHYSICS: 

PMOPERTIBB OF MATTME; SOUND; HEAT; MAGNETISM 
AND ELEOTRICITT; AND LIGHT. 

J. H. POYNTING, J. J. THOMSON, 

8C.D., V.B.8., ^in> >'"^" ^-^^ 

Lite FeUow of Trinity Oollefe, Ombridfe ; Fellow of Trinity CoUef^ Ouateidn; Prot 

Pvofeaaor of Physici. M»aon Coltafe, of Sxperimontal Phyaica in the UnmivltiF 

BirminRbam. of Oambridg*. 

Volume already published, Second Edition, Prioe 80. 6d. 

S O XJ M X>. 

OomBim.— The Nstore of Sound «iid its <dii«f ClMtfftotoriitieH.— The Vvlodty of Sonttd 
la Air and other Medku-^RefleotlOD mm! Kefi«et!oa of Sound.— FreqcMner sad Pttoh of 
HMm.— Beeonftnce «nd Foreed OBdlhOiOBB.— Aaelyeia of Ylbratione.— The TraaflTene 
VIIx«tion« of Stretched Strings or Wires. —Pipes and other Air OaritieB.— BodB.~Platei. 
—Hembranes.— Vibrations maintalnad by Heat.— SensltiTe Flames and Jets.— Musifial 
Sand.— The Superposition of WaTes.— Index. 

"Tkework . . . maybe recommended to anyone deslnms of p oaw s al ng an atfv, 
er-to^nATB Staki>a»d Tmbaxbb on Acoust!os.*'->-Z<rerYUtfre. 

*' Very clearly written. . . . The names of the authors are a guamntee of the 
eanarrino AOCoeAcr Mid up-to-datb OBABaiorae of the work.**— J?<liiodU<d9Mi< Timu. 



Introductory Volume, fully Illustrated. At Press. 

PROPSRTISS OF IKIiLrrTEiR. 

OoKTBirrs. — GravitatioD.-«The Acceleration of Gravity. — Elasticity. — stresses and 
Strains.— Torsion.— Bending of fioda.— Spiral Springs.— Co lialon.—CompresBibilitv of 
Liquids.— Pressures and Volumes of GaBes.<— Thermal Effects Accompanying Strain.— 
Oapillarlty.— Surface Teasion.-»l4a>laoe's Thaory of Capilt«rtty.-4>iitasion of Xiquids- 
J>iffMfoa of Oases^— ViseoBity of Liquids. 



In large 8vo, witii Bibliography, lUuetrations m the Text, and leren 
Lithographed Plates. 12s. 6d. 

THE lEAM DEHSITT OF THE EARTH: 

An Essay to which the Adams Prize was a^jadsred in 189S in 
the University of Cambridge. 

BY 

J. H. POYNTING, ScD., F.R.S., 

Late Fellow of Trinity College, Cambridge; Professor of Physics, yiMxm 

College, Birmingham. 

"An aeeonat of this auUeet eannot finll to be of oeiav and amaAi nmaasv to the seientlflc 
mkoA. BapeoiaUy is thia the case when the account la givra by one who hM eoatributed so 
MMlderaDly aa has Prof. Poyntins to our preaent state of knowledn with rearnct to a very 
«Andt8ubieet. . . . Bemartcably has Newton's estimate been Terilled by Prof. PoyntiBf."— 

LONDON: CHABLE8 ORIFFIN ft CO., LIMITED. EXETER STREET. STRANa 
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46. GRIFFIN'S NAUTICAL SERIES. 

£i>iTBD BT EDW. BLAGKMORE, 

ICaiter Mariner, Flnt CUis Trinity Houm Certifloato, Abmc. Init. N.A. ; 

ARD WBnrair, mainlt, by SAiLo&^'for sailobs. 



"Thu admibablb serim."— J'atrp^aw. "A vkbt otbpul sbbibb."— FaftiM. 

"Tkie To)nm«s of UsssRa GRiFnif's Kautigal Bbrhs may well and proawblgr ba 
cead by all interested in our national xakitixb PROOREflB. "— Jf aWn« RnffiMtr. 

"ETBrt Ship should have the whole Series a« a RErERENOE Ubrart. Hahd* 
«oxblt bound, olbably pbwtbd and vuLom^A'BMD."— Liverpool Jeum. of CommMn$. 

The British Mepeantile MaFlne: An Historioal Sketch of its Riie 

and Development. By the SDiTOB,'CAn. Blaokxoee. to. 6d. 

"Captain Blackmore's splendid book . . . eootalns paragrapha on eTeiy point 
of Interest to the Merchant Marine. The 248 pages of this book are the moot TALU- 
ABLB to the sea captain that have ever been compiled."— Jf «refta»t SeniM Hevuw. 

ELementanr Seamanship. By D. Wiuson-Bakkbr, Master 'MariMr, 
r.B.8.S., F.K.G.8. With nnmerous Plates, two in Colonxa,* and FKmtlsptooa. 
SlOORD BDITXOH, Bevlsed. 6s. . .^ . 

'This admirable manual, by Capt. WAbon Babsxb, of the *WOvMat«r; ^sana 

iO VS FBRraOVLT DEBiaNHD."— ^eA^MItim. 

Know Toor Own Ship : A Simple Explanation of the Stability, Con- 
stmotion, Tonnage, and freeboard of Ship.. By TH06. Walton, Naval Architect. 
With numerous Illostrations and additional Cliapters on Buoyancy, Trim, and 
OaloolatioD.. SIXTH Bdibon, Revised. 7s. 6d. 
"Mr. Walton's book wiU be found vert useful. "—TA* Engineer, 



Kayigation : Theoretical and Praetleal. Br D. Wzlbok-Babixb, 

Master Mariner, dfce., and William Allinsbam. to. 6d. 

"Prboqdsblt the kind of work required for the New Certtacates of oompetenoy. 
<3andidates will find it or valuable. "—iHendM Adveriiter, 

Marine Meteorology: For Officers of the Merchant Navy. By 
William Alunqbam, Arst Class Honours, Navigation, Soienoe and Art Department. 
With Illustrations, Maps, and Diagrams, imd factinUU reproduction of log page. 
7s. 0d. 
" Quite the best publication on this vvL\i]ect:'— Skipping GazeUe. 

Latitafle and Longitude : How to Und them. By W. J. Miclus 

C.B., late Sec. to the Inst, of Engineers and Shipbuilders in Scotland. 2b. 

" Cannot but prove an aoquisltion to those studying Navigation."— Jfon'm ^i^nssr. 

Practical Mechanics: Applied to the reqnirementa of the Sailor. 
By Thos. Mackenzie, Master Mariner, F.R.A.8. Second Edition, Revised, to. 6d. 
** Wbu. wobth the asoney . . . BxaBEDiNQLT RVLPVUh." -Skiing World. 

Trigonometry : For the Yoim£ Sailor, ^ui. By Rich. C. Buck, of the 
Thames Nautical lYidning College, H.M.S. " Worcester." Second Edition, Beriaed. 
rrioe8s.6d. 
" This BKINBRTLT PBAonoAL and reliable vo]mue."--5lsA<Mima«Cw. 

Practical Algebra. By Rich. C. Buck. Companion Volume to the 

above, for Sailoni and others. Price Ss. 6d. 

" It is just the book for the young sailor mindful of progreis. —Kautieal Magatine, 



The Legal Duties of Shipmasters. By BsmtDicT Wm. Oinsbukg, 

M.A.,^IX.D., of the Inner Temple and Northern Circuit : Barrister-at-Iaw. Mae 
4s. 6d. 

' *aNVAX.tTABLE to masters. . . . We can fully recommend it."— .SMlQ><iV<?«uftts. 

A Mediea}. antd Sargieal Help for Sliipmafltors. Inolndlng First 

Aid at Sea. ^ Wm. Johnson Smith, F.R.C.S., Principal Medical OIBoar, Seamen's 
^ Hospital, Greenwich. Second Edition, Revised, to. 
ii ;VSlumD, jUDioiouB, RBALLT BBLPFUL.''--3%a Xenort. 
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GRIFFIN'S NAUTICAL SERIES , 

Price Ss. 6cL Fost-Jree. 

British Mercantile Marine. 

By EDWARD BLACKMORE, 

IfASTBR HARINBR ; ASSOCIATB OF THB INSTITUTION OF NAVAL ARCHITBCTS| 

UBMBBR OF THB INSTITUTION OF BNGINBBR5 AND SHIPBUILDERS 

IN SCOTLAND; EDITOR OF GRIFFIN'S "NAUTICAL SBRIBS." 

OmrxRAL GONTSRTB.— Historical : From Early Times to 1486— Procren 
onder Henry VIII.— To Death of Mary— Durine Elizabeth's Reign— Up to 
the Reign of William III.— The 18th and 19th Centuries— Institution ol 
Examinations — Rise and Progress of Steam Propulsion — Development of 
Free Trade— Shipping Legislation, 1862 to 1875— " Locksley Hall** Case- 
Shipmasters' Societies— Loading of Ships— Shipping Legislation, 1884 to 1894— 
Statistics of Shipping. Thb Pbbsonnel : Shipowners— Officers— Mariners- 
Duties and Present Position. Education: A Seaman's Education: whst it 
should bo— Present Means of Education— Hints. Disciplinb and Duty- 
Postscript— The Serious Decrease in the Number of British Seamen, a Matter 
demanding the Attention of the Nation. 

^ iBTBXKSTOia and Ixstbitctivb . . . may be read with PBorxT and BHJonaMT.**— 
Wmtffov Herald. 

*'EvBET bbakoh of the subject Is dealt with in a way which shows that the frrltei 
'knows the ropes* familiarly."— 560<jman. 

"This admibablb book . . . tbkvi with Dieful Information^Shonld be in the 
hands of every Bailor.**— ITcitern Uoming Nem. 



Second Edition. Price Be, Post-free, 

ELEMENTARY SEAMANSHIP. 

BT 

D, WILSON-BARKER, Mastbr Marinbb; F.R.S.E.,P.R.G.S.,&o.,&a;. 

TOUNGBB BROTHBB OF THB TBINITT HOUBB. 

With Frontispiece, Twelve Plates (Two in Colours), and HluBtratioiui 
in the Text. 
OxNBRAL CoBTBins.— The Building of a Ship; Parts of Hull Masts^ 
fta — ^RopeSf Knots^ Splicing, &c — Gear, Lead and Log, &c — Rigging, 
Anchors— Sailmaking — The Sails, &c.— Handling of Boats under Sail — 
Sijpals and Signalling— Rule of the Road— Keeping and Relieving Watch — 
Points of Etiquette— Glossary of Sea Terms and Phrases — Index. 

%* The volame contoins the nxw bulks ov thx soad. 

'■ThlsiniOBABLX iCAHUAL. by Oapt. WiLsoK-BAitXBB of the *Woroetter/ seems to ns 
rBBTBorLT DBsiOMBD. and holds its place ezcellentlv in ' Obifpih's Nactical SSBnts.' . . . 
Althongh intended for those who are to become officers of the Merchant Nayy, it will be 
feond nsefnl by all tachtbmxv.**— iKAeiunim. 

** Five shillings will be will spiict on this little book. Gar. Wilsob-Babbsb knows 
from SKpeiienoe what a yooag man wants atthe outset of his eareer.**— 2^ Bnglnter. 

\* For complete List of Qnnnr's Nadtioal Sbbos, see p. 46. 
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QBIFFIN'S NAUTICAL SERIES. 

Price Sa, 6d, PoBi-Jree. 

IsTAViaATION: 

Bt DAVID WILSON-BARKER, RN.R, F.R.S.E., &c., &o., 

AND 

WILLIAM ALLINGHAM, 

VIBST-OLAflS HONOURS, NAVIGATION, BOIBNOB AND ART DEPARTMVNT. 

TKUtb flumerou0 ^lluetratfons and Bsamfnation dueetions. 

QSNXRAL CoNTiENTS.— Definitions — Latitude and Longitude — Instruments 
of NaTigation— Correction of Courses— Plane Sailing — Traverse Sailing— Day's 
Work — Parallel Sailing — Middle Latitude Sailing — Mercator's Chart— 
Mercator Suling— Current Sailin^^ — ^Position by Bearings— Great Circle Sailing 
•—The Tides— Questions — Appendix : Compass Error — Nun erous Useful Hints^ 
ftc — Index* 

" Pbscisblt the kind of work required for the New Gertiflcates of competency in grade* 
from Seoood Mate to extra Uaster. . . . Candidates will find Iv ]jiivaldabli."—J>m«k{n 
AdvtHUtr. 

"▲ OAFiTAL UTTLS BOOK . . . speolally adapted to the New Examtaations. Hie 
Aathon are Oapt. Wiuon-Bakxxx (Captain-Saporintendent of the Nantieal College, H.M.8. 
* Woroester,* who has bad great experience in the highest problems of Navigation), and 
If a. AxxjvoHAic, a well-known writer on the Sdenoe of Navigatton and Nautical Astronomy.*^ 
—JSk^piKff World. 



Handsome Cloth, Fully Jllusiraled, Is. 6d. Post-Jree, 

MARINE METEOROLOGY, 

FOR OFFICERS OF THE MERCHANT NAVT. 
By WILLIAM ALLINGHAM, 

Joint Author of "Navigation, Theoretical and Practical." 

With namerons Plates, Maps, Diagrams, and IllnstratioDS, and a facsimile 
Reproduction of a Page from an actual Meteorological Log- Book. 

SUMMARY OF CONTENTS. 

INTRODVCTORT.— Instruments XTsed at Bea for Meteorological Purposes.— Meteoro* 
logical Loff-Books.— Atmospheric Pressure.— Air Temperatures.— Sea Temperatures.— 
winds.— Wind Force Scales.— History of the Law of Stoims.— Hurricanes, Seasons, and 
Storm Tracks.— Solution of the Cyclone Problem.— Ocean Cnrrento.— Icebergs.— Syn- 
chronous Charts.— Dew, Mists. Fogs, and Haze.— Clouds.— Kain, Snow, and Hail.— 
Mb«ge, Bainbows, Coronas, Halos, and Meteors.- Lightning, Corposants, and Auroras.— 

QVasnOHS.— APPINDIX.— INDBX. 

'* Qnlte the bbst publication, avd certainly the host iXTEXESTino, on ihia suUject evep 
presented to Nautical mea^—Shipping Gazette, 

*^^ For Complete List of Qriffin's Nautical Sbbixs, see p. 45. 
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CHHimrS KAiPTICAL 8E8IE8. 

Second Edition, Revised. With Numorons UluBtrationB. 3a. 6d. 

Practical Mechanics: 

Applied to the Bequlrements of the Sailor. 
By THOS. MACKENZIE, 

UMt€r am^er, RILAJS, 
General Contents. — Resolution and Composition of Forces — ^Work done 
by Machines and Living Agents— The Mechanical Powers: The Lever; 
Derricks as Bent Levetv— The Wheel and Axle : Windlass ; Ship's Capstan ; 
Crab Winch— Tackles : the **01d Man"— The Inclined Plane; the Screw— 
The Centre of Gvavi^ of a Ship and Cargo — Relative Strength of Rope : 
Bteel Wire, Manilla, Hemp, Ccar— DerridEs and Shears— Calculation of the 
Cross-breaking Strain of Fir Spar— Centre o! £ffort of Sails— Hydrostatios : 
the Diving-bell ; Stability of Floating Bodies ; the Ship's Pmnp, &c. 
" This xzobllsnt book . . . contains a labob AnotrNT of infonnatioiL'* 

** Well wobtb the money . . . wffl be fotind exceedinolt HELFyuL.**— 
miippinff World, 

*'No Ships* Officers* bookcase will henceforth be complete without 
Captain MA(acENziE*s * Practical Mbohanios.* Notwithstanding my many 
ywn* experience at sea, it has told me Jiow much more there u to acquirt,*''^ 
{Letter to the PubUshers from a Master Mariner). 

** I most express my thanks to you for the laboor and care yon have taken 
in 'Practical Meohakics.' . . . It ib a life*s expbbxenge. . . . 
What an smoimt we frequently see wasted by rigging purchases without mmm. 
and accidents to spars, &c., &c. ! * Practical Mechanics * would bate all 
THIS." — (Letter to the Author from another Master Mariner). 



WOilKS BT RICHARD C. BUCK, 

•rth*TlMinMM*alio«lI!t«lBii«OoUiga, B.1I.S. ' VonxMr.' 

A Manual of Trig^onometry : 

With DJagrams, Examples, and Exercises. Post-free 8^. 6d. 

Second Edition, Keviaed and Corrected. 
*«* Mr. Buck's Text-Bopk has been sfkciallt prepared with a view 
to the New fixaminations of the Board of Trade, in which Trigonometry 
|b an obligatory subject. 

**This BMUfXirTLT pftAcnoAL and ebuablk roixaat.*''^Sckoolma*Ur, 

A Manual of Algebra. 

Ceaigned to meet the Requiremente of Sailors and others. Pries Sa, 6d. 

%« These elemenlary wottn on alobm(a end meovofMiiKr are written speelelly tet 
those who will have IHtfe opportnalty of oonmltlng a Teaoher. Tfaey ars boolm for ^^am^ 
■SLP." All bat the simplest ezpluiations bave, uierafore, been avoided, end MMmmmu te 
the Szerotees are given. Any person may feadily, by oarefnl stnd v, become master of Hieir 
oontents, and thus lay the foundation for a further mathematioal oonna, if desired. It Is 
hoped that to the younger Offloers of onr Mercantile Hariiw they will be found deeidedly 
servioeable. The Examples and Ezeroises are taken from the Bxamination Praeiaieifor 
Khe Oadefts of the ** Woreester/' 

" Clearly arranged, and well got op. . . .A flrtt-rate Elementary Algebra. — 
/fautieml Magatim. 

%*For eomplete List of Qbuvdi'b NAtrnciL BsBnta, see p. 45. 
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In Crown 8vo. Handsome Cloth. 4a. 6d. PoBt-free. 

THE LEGAL DUTIES OF SHIPIASTERS. 

BT 

BENEDICT WM. GINSBURQ, M.A., LL.D. (Caktar), 

or the lanor Temple and Kovtheni Circuit ; Benifter-at-Lftw. 

Oenepal Contents.— The Qaallflcation for the Poeltlon of Shlpmastei^Tlie Con- 
tract with the Shipowner— The Maater'a Duty to reepect of the Crew : Bngaoement ; 
Aimrentices ; Discipline ; Provisiona, Accommodation, and Medical Comforts ; Fayment 
«f wagee and DIschaiM— The Master's Duty in respect of the Paesengers— The Mavter's 
Financial BesponsibUIties— The Master's Duty in reapeot of the Cargo— The Master's 
Duty in Case of Caanalty— The Master's Duty to certain Pabllo Anthoritles— The 
Master's Dujky in relation to Pilots, Slgnels, Flan, and Lioht Dues— The Master's Duty 
apon ArriTkl at the Port of DischaiKo— Appendices relatlre to certain Leoal Matters : 
Board of Trade Certiflcates, Dietary Scales, Stowage of Grain Cazsoes, Load Line Bsgiila- 
tions, Life-ssTing Appliances, Carnage of Cattle at Sea, Ac., Ac— Copious Index. 

'' No Intelligent Master shonld fUl to add this to his list of necessary bookSL A ftsr ttesa 
of it may satb a lawtxb's ru, Bssinia SHnLna irouRr."— Liverpool Journal of Oo mm§ re$ . 

" SnsiBLs, plainly written. In ouak and vow-tbcbiixgal huiWAam, and wHl be ftosd sT • 
HUCB ssBTiOB by the Shipmaster."— ^Htt«A Trudt Beview. 



Crown 8vo, with Diagrams. 2b. Post-free. 

Latitude and Longitude: 

:Bi€>^mt to Find tlni 



By W. J. MILLAR, C.E., 

Lat€ Sterttmrf to th* IntU of Bngimeen and ShiflMldtn in i 

'* CovoiSBLY and clsablt Wbitten . . . cannot but prove an acquisition 
to those stndving Navigation.'*— Jfanne Engineer, 

'* TooBg Seamen will find it handt and vskful, simplx and oemamJ^^TJU 



FiRST AID AT SEA. 

daCQND Edition, Revised. With Coloured Plates and Numeroue Bhulsa- 
tiom, and oomprising the latest Regulations Respecting the OBkrriage 
of Medical Stores on Board Ship. Post-free. 6b. 

A lEDIGAL AND SURGICAL HELP 

FOR SHIPMASTERS AND OFFICERS 
IN THE MERCHANT NAVY. 

BY 

WM. JOHNSON SMITH, F.RO.S., 

Principal Medical Ottcer, Seamen's Hospital, Oreepwich. 
%* The attention of all interested In onr llerctaant Navy is requested to this ezoeedlB«lr 
vsefal and mloabie work. It is needleaa to say that it Is the onteome of many yeass 
raAonoAL Bsnanxcs amongst Seamen. 
' **8oi7sn>, JUDICIOUS, xballt BMLmL.**—Th€ Lancti. 

*«* For Complete List of Obeffik'8 Nautical Sbbiis, see p. 45. 
iONDON: CHARLES ARIFFIN A CO., LIMITED, EXETER STREET; ffTRMO. 
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OHABLBB amrWlN * CO.'S PUBLICATIONS. 

GBIFFiN'S WAXrnCAL SERIES. 

Sixth Edition. Revised, with Chapter§ on TVtm, Buoyancy^ 

and Caleuldtiofis, Nvmeroiu lUtutrcUiona, JSandtome 

Cloth, Crown 8vo, 78, 6d, 



By THOMAS WALTON, Naval Architect. 

SP1GL4LLT ARBANOED TO SUIT THE RBQUIREKBNTS 07 SHIPS* OFFICERS^ 

SHIPOWNERS, SUPERINTENDENTS, DRAUGHTSMEN, ENGINEERS, 

AND OTHERS. 

This work explains, in a simple manner, such important 
subjects aa: — 

Displacement, | Stability, 

Deadweight, Rolling, 

Tonnage, Ballasting, 

Freeboard, j Loading, 

Moments, i Shifting Cargoes, 

Buoyancy, i Admission of Water, 

Strain, ! Sail Area, 

Structure, ftc, &c. 

*' The little book will be found excsedinglt handt by most officers and 
oiBcialfl connected with shipping. . . . Mr. Walton's work will obtain 
LASTING SUCCESS, becaose of its unique fitness for those for whom it has been 
written.'*— ^Atppin^ World, 

" An EXCELLENT WOBK^ full of soHd instruction and invaluable to every 
oflloer of the Mercantile Marine who has his profession at heart."— i^Atpptn^. 

*' Not one of the 242 pages could well be spared. It will admirably fulfil its 
porpose . . . useful to shi]9 owners, ship superintendents, ship draughta- 
men, and all interested in shippmg." — Liverpool Journal of Commerce. 

" A mass of vert useful information, accompanied by diagrams and illus- 
trations, is given in a compact form." — Fairplay. 

*' We have found no one statement that we could have wished differently 
expressed. The matter has, so far as clearness allows, been admirablv con- 
densed, and is simple enough to be understood by every seaman.**— -Jvartue 
Mnffineer, 

BY THB SAMB AUTHOR, 

Steel SMps: Tbeir Gonstrnctioo and Maintenance. 

(See page 38.) 
LONDON > CHARLES GRIFFIN i CO., LIMITED. EXETER STREET. STRAND. 
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Q30L0GT, MINING, AND METALLUEOT. 



§§7-8. Gnffln's GeoloM Prospecting, Ining, asd 
letallDigical Pnblications. 



f9 



Geology, Strati&rraphical, 
Physieal, 
Practical Aids, 
„ Open Air Studies, . 
Griffin's ''New Land" Series, 

ProspectlnfiT for Minerals, 

Food Supply, . 

New Lands, . 

Building Construction, 
Ore and Stone Mining, . 
Elementary Mining, . 
Coal Mining, 
Practical Coal Mining, . 
Elementary „ 
Petroleum, .... 
A Handbook on Petroleum, 
Mine-Surveying, 
Blasting and Explosives, 
Mine Accounts, . 
Mining Engineers' Pkt.-Bk., 
Metallurgy (General), 

„ (Elementary), 
Assaying, .... 
Metallumcal Analysis, . 
Griffin's Metallurgical Series 

Introduction, . 

Gold, Metallurgy of, . 

Lead and Silver, „ 

Iron, Metallui^ry of. 

Steel, ,, 

Metallurgical Machinery, 
Getting Gold, 



R. £h!HBBIDOE, F.R.S., . 

Prof. H. G. Seelbt, . 
Pbof. Gbekyille Oolb, 

» >> • 

Ed. by Prof. Colb, . 
S. Herbbrt Cox, A.R.S.M., . 
Root. Bruce, 

H. R. Mill, D.Sc., F.R.S.E., 
Prof. Jas. Lton, 
Prof. Le Neve Foster, 

H. W. Hughes, F.G.S., 

G. L. Kerr, M.Inst.M.E., . 



PAGE 
52 

52 
53 
85 
54 
55 
55 
54 
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56 
56 
57 
58 
58 
60 



Cvanlde Process, 
Electric Smelting, . 
Eleetro-MetaUurgy, . 
Goldsmith and Jeweller's Art, 



Redwood and Hollowat, . 
J. H. Thomson and Dr. Redwood, 60 

Bennett H. Brough, A.RS.M., 6^ 

0. GuTTMANN, A.M.LC.E., . 57 

Prof, J. G. Lawn, . . 58 

K R. Field, M.In8t.M.M., . 59 

Phillips and Bauerman, 61 

Prof. Humboldt Sexton, 66 

J. J. k 0. BBRlNnSR, . 66 

J. J. Morgan, F.C.S., . 67 

Ed. bj Sir W. Roberts-Austen, 62 
Sir W.Roberts-Austen, K.O.B., 63 

Dr. Kirke Rose, A.R.S.M., 63 

H. F. Collins, A.R.S.M., . 64 

Thos. Turner, A.R.S.M., . 65 

F. W. Harbord, A.RS.M , . 65 

H. 0. Jenkins, A.R.S.M., . 65 

J. C. F. Johnson, F.G.S., . 69 

James Park, F.G.S., . . 59 

BORCHERS AND McMlLLAN, . 68 

W. G. McMillan, F.I.C., • 68 

Thos. B. Wiolet, . . . 6T 
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DemH 8vo, Eandmms cloth, ISfu 

physical Geology aM Paleontology, 

OJi THE BJ.8I8 OF PHILLIPS. 

■T 

HA RRY GOVIERSEELEY, F.R,S.» 

rBOVBSSOR OF GBOGRAraV III XIMC'I COUJKSI. LOMMMI. 

WiVb ytontf0piece in CbtomOi*XltbO0tapbSKttt5 5,llu0trittfofu; 



«*It it impossible to praise, too highl^Ftbe mMidn which PKOFffittOt^lBLn'ft 
* PRTSICAL Gkouxsy ^ evideaces. It is fak moas than a TsxttBOOK.— 4t m 
a Dl&KCTORY to the Student in prosecnting his researches." — BrmdatiM Ad^ 
drtts U the Getdogkal Society^ l885,i^ Rw, Prof. Bmnif. D.Se>^ LL.V.y F.R,S. 

** PftOPissOR Sebley maintains in his ' Physical Geology * the hig^ 
repntation he already dtterredUly beais as a Teadier. "^Z?r. Ifimty fVmd- 
ward, F.R.S.^ inik^** Gtahgkal Mtgamu:* 

** Frofessoe Sbeley's work includes one of the most satisfiutoiy TieatisMi. 
on lithology in the English language."— ^swri^^m /^utmal of Enffmmmg, 



Demy Svo, SaTidsome cloth, 34^. 

StratigrapMoal Geologr & Pal»oiitol(^, 

OJf THE BASm OF PHILLIPS. 

.m 

ROBERT ETHERIDGE, F.R.&, 

I NATVIUX. HIST. DBPARTMaMT. SKmSK MVSBVM. LATS rAL4K>MT01X>Giar 1 

-suavBYf 



caoix>cicM. svmywY of gesat baitain, fast i 
GBoxACicAi:. aocumr, wac 



TKlltb Aap, mumarotti^ VHbied, and JSbkt^^'^ Viattii 



** M» Mch compeadittm of ffMlogical knowledc^ haa ifv«r boM brattght 
'If PaOF. Saaunr'svolnaM wm remaikalda for its originalitrAni Cb» bnadlh ofils, 



Mr. SnnKiqGBibliyjmtifiet the Anertion fluide ia Us pralaee that his book 4iAn ia « 
itraetioii and detail nt>m any kamm iMuraid. . . . Mast taha moH aawt AiM«a wsi 

, or aaraaawcia ''-^^ ^Ammtim * 



OPE|t-WK STUDIES IJ GEOIiOGY: 

Ail Introduetion to Geology Out-of-doors. 

» By professor GRENVILLE COLE, M.RLA., F.G.S. 
* For details, see Grifiin's Introductory Science Series, p. 85. 

umm mim m^m * ea. umia, eism mm^ nfum. 
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MtAOTIOAL GMOMCfT AKSl PBOSPBOTlNa. 5S 

Just out. Cmm Svv. Maaubfime CJotk. 2s, M. 
BESEABCHES ON THE PAST AND PRESENT HISTOBT 

OP 

THE EARTH'S ATMOSPHERE. 

Inoluding the latest Diacoueriea and their Practical Applications. 

By dr. THOMAS LAMB PHIPSON. 

PART I.— The Earth's Atmosphere in Remote Gkological Periods. 

PART II.— The Atmosphere of our Present Period. 

Appendices; Index. 

•^* Dr. Phipson's work presents, amidst much which is of interest to the 
Scientist and the General Reader alike, a short r^sum^ of his discovery of the 
origin of Atmospheric Oxygen, the existence of ivhich he attributes wholly to 
the action of Solar Radiation upon vegetable life. The book will be found 
replete with much that is new, curious, and interesting, both in connection with 
Weather Lore, and with Scientific Meteorology. — Publishef^s Note* 

**- The book should proTe of Intorest to geseiftl x«adera, as well as to meteorologiHtfr 
and other students or science. "«-^Vrr(tirf. 



By GRENYILLE k. S. COtE, ILILLA., F.O.S^ 

nrafMMT of GMlocy ia ih. Xoyal Colkg. of Sdnce iw InlaDd. 
See also page 8$ aiut the two Jollomng pttgts (54, 55). 

AIDS IN 

PRACTICAL GEOLOGY: 

WITH A SBCTlOm ON PALMOHTOLOGY. 

By professor GRENVILLE cole, M.R.LA., F.G.Sw 

Third Edition, Revised and in part Re-written. With Frontispiece 

and lUustratsoiia. Cloth, loc 6d. 



OSNXRAL OOVTaiffTa— 

PART L— ^AMPUMQ OP THB BABTR'S CMML 
PART II.-^EXAMINATtON OT MUfBEALS. 
PART III.— SZAMDIATION 09 RoCKfl. 
PART IV.-*SZAafIllATION Q9 FotUUk 

*FmC Cple treats <f the ewtw iaatten of nioen^ and vacteiaa wwjiti 

^ Hei 



Bpted before . . . dbsbktimg or ths HioHBar nuasB. 

* Aids * imnmBKABLB and invaluablb. All the directioas are ftTea with the utmost dear- 

aad precision. "—^AiMr^Mw. 

"That the work desenr^s iu title, that it is ftiU of 'Aids,' and in the liigheat degree 

cncAii^' will be tha imdkt^of all who use iL'-^iMv/wiv. 

" This Bxaiujair Mamual . . . will he a vbsv <wwit iui.p. . . . The »ectios 
im Ike araiBiiiatiif ol Fesafls b probably the bbst oT'its land yet pnblsked; . . . Pull 
•f wlk iljgptmk iwiii— Iwm fr f th« —w en wttam wdftoM ps i i i i si tr^fm a ^ ^ ' ^-^A tm m ^• 

-' tmOON: CHARLES QRIFnN ^ CO., LIMITED. EXETER STREET, STRAND. 
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14 CHARLM8 QBIFHN S OO.'B FUMUOATIOMM. 

GRIFFINS **NEW LAND^^ SERIES. 

Fractical Hand-Booka for tlie Use of Prospectors, ExjplorerB^ 

Settlers, Colonists, and all Interested in tlis opening 

up and Development of New Lands, 

Edited by GRENVILLE A. J. COLE, M.R.I.A., F.G.&, 
Profetior of Geology in the Boyal College of ScleDce for Ireland. 



Now Ready. In Crown 8vo. Handsome doth, 5s. 
With Numerous Maps Specially Drawn and Executed for this Work 

NEW LANDS: 

THEIB BESOUBCES AND PBOSPECTIVE 
ADVANTAGES. 

By HUGH ROBERT MILL, D.Sc, LLD., F.R.8.E., 

Librarian to the Boyal Geographical Society. 

Introductory.— The Development of ' New Lands.— The Dominion of 
Canada. — Canada, Eastern Provinces. — Canada, Western Providences and 
Territories.— Newfoundland.— The United States.- Latin America, Mexico. — 
Latin America, I'emperate Brazil and Chili. — Latin America, Argentina. — 
The Falkland Islands.— Victoria.— New South Wales.— Queensland.— Sonth 
Australia —Tasmania.— Western Australia.- New Zealand.— The Betonxoes 
of South Africa.— Southern Rhodesia. — ^Indkx. 

*'Painstakixo . . . coHPLETs . . . of great nucTiOAL ▲ssisTAsoi."— !%< FM4. 
**A want admirably supplied. . . . Has the advantage of being written by a pin>-> 
leased Qeogr%pher." —Oeographieal Journal. 



IN PREPARATION. 
BUILDING CONSTRUCTION in WOOD, STONE, and 
CONCRETE. By Jab. Lyon, M.A., Professor of En- 
gineeriDg in the Royal College of Science for Ireland; 
sometime Superintendent of the Engineering Department in 
the University of Cambridge; and J. Taylob, A.R.C.S.I. 



%* Other Volumes, dealing with subjects of Pbimart 
Impobtancb in the Examination and Utilisation of Lands 
which have not as yet been fully developed, are in preparation. 

LONDON: CHARLES GRIFFIN A CO.. UMITED. EXETER STREET, STRANIL 
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PROaPBOTINO AND MININO. S$ 

OBIPFIN'S "NEW LAWD" SERIES . 

6B00ND Edition, Bevited. With IUu»trat\on». Price in Cloth, 5s. ; strongly 
botmd in Leather, 6«. 6d, * 

PROSPECTING FOR MINERALS. 

A Practical Handbook for Prospectors, Explorers, Settlers, and all 
interested in the Opening up and Development of New Lands. 

BY 

S. HERBERT COX, AssocRS.M., M.Inst.M.M., F.G.S., Ac. 

General Contents.— Introduction and Hints on Geology— The Determina- 
tion of Minerals : Use of the Blow-pipe, &c. — Rock-forming Minerals and Non- 
Metallic Minerals of Commercial Value : Rock Salt, Borax, Marbles, Litho- 
fraphic Stone, Quartz smd Opal, &c.. &c. — Precious Stones and Gems— Stratified 
Deposits: Coal and Ores— mineral Veins and Lodes — Irregular Deposits-— 
Dynamics of Lodes: Faults, &c. — ^Alluvial Deposits — Noble Metals: Gold, 
Platinum, Silver, &c.— Lead — Mercury— Copper — Tin — Zinc— Iron— Nickel, 
&c, — Sulphur, Antimony, Arsenic, &a — Comoustible Minerals— Petroleum^ 
General Hints on Prospecting— Glossary— Index. 

" This ADKIRABLB LITTLK WORK . . . written with BCISNTIFIO AOCURA07 In a 

CLX4R and LUCID style. . . . An important addition to technical literature . . . 
will be of Taliie not only to the Student, but to the ezi>erienoed Prospector. . . . 
If the succeeding volumes of the Kew Land Series are equal in merit to the Fint, we 
must congratulate the Publishers on successfully fllling up a gap in existing literature. 
—Mining Journal. 

"This EXCELLENT HANDBOOK will prove a perfect Vade-7n§eum to those engaged in 
the practical work of Mining and Metailuxgy."— rim«f qf Africa. 



With many Engravings and Photographs. Handsome Cloth, 4s. 6d. 

I^OOD SUPPLY. 

Bt ROBERT BRUCE, 

Agricnltniml Superintendent to the Royal Dublin Society. 

With Appendix on Preserved Foods by C. A. Mitchell, B.A., F.LC. 

Gkksral Contents.— Climate and Soil—Drainage and Rotation of 
Crops — Seeds and Crops — Vegetables and Fruits— Cattle and CatUo- 
Breeding— Sheep and Sheep R^iring— Pigs— Poultry — Horses— The Datrj 
—The Farmer's Implements— The Settler's Home. 

"Bribtlbs with information."— Fomwrt' GatetU. 

" The woric is one which will appeal to those Intendinff to become farmers at home 
or f n the Colonies, and who desire to obtain a general ioea of the trae principles of 
fanning in all its nnAXOHm."— Journal qf ths Royal Colonial Imt. 

"A most BXADABLB and yaivablb book, and merits an ixtbnsiti sale."— jbo<ti«4 
Farmer. 

" Will prove of service in art part op the world."- Nature. 

LONDON: CHARLES BRIFFIN A CO.. LIMITED, EXETER STREET, STRAND. 
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ORK &6 STONE MINING. 

BV 

C. LE NEVE FOSTER, D.Sa, F.R.&, 

MkOFSnOlt OV MINING. AOYAZ. COLLBGB «P SCIBNCB ; H.M. INSPBCTOR OF UnflM. 

FouVTH EDrrroif> Revised, and brought thoronghly up-to-date by L. H. 

Cooks, ImtrQetor in Min« Surveying, Royal CfoUegv of SeieBOB. 

With Frontispiece and 716 lUustiations. Prioe 34ft 

"Dr. Fostev's book was expected to be spoch-making, and it fully jostifiet soch expoo- 
talkm. ... A MOST abmikablb account of the mode of occurrence of practically ALL 
XMOWM MumSALS. Probably stands umkivalud for comiiteteness.''— rA# MM m gJ mi ma L 

GENERAL CONTENTS. 
mnODUCTION. ■oderofOdewreoMofVliMndi*—: 



Dewmt asnit Awent,— Pp w ulug-ffiacjl pli ofsniiiloymecit of Haiiit 
— Uwgflillon fllllMttitv atoM. ud «0uralMb— CondlUoB of tiM 



(An SotrodQctaty Teort^bovl^. B7 flnif. a Ls IFbi* 
f oazKB, FJLS., \I» Aetinc Pt^antian. 

A TREATISE ON MINE-SURVEYINQ: 

Fw tk9 ifM of Managen of Minm and Mllmim^ Sttidmt» 
mtHm /hytU Mnmi 0/ mttm S&. 

Br BENNETT H. B ROUGH, F.GS., Assoc.R.S.Iil, 

Ponnerly laslractor of U ia m thu my^ Royal Sobsol oTl 



Eighth Editioii, Revisod a«d Enlaiged* "With Numerous Dmgtmm, 
CaMii^Ti. idL 

Gsf ntAL CbifnMtm 

MiiHiiiiient of Distaacw Miaeg^s ISU^Vmk/kam of 
with the MaaMtic-Neadle in mmeiwa of I a ob 

, _^ ^-Gmamn Dud— Theodolilei^Ti awning XJmim^ 

fro«id--8arfiftce-Siirreya with TbeodoUte-^PIotting the Su ney— Ca i cn T rtio n of 
Ai««»*-LeveUinr— Connection of Undereround- and Sur&ce*Sn i w e ya M easuripy 
XHrtaaees by l%lesoope--Setting-oui— Mine-Sorveying Probkmi— Miao Pl aa i 
ApplkalioaB of MagncCc-Needla in Mining— Photographic Svnreymg-^A^Ifi endimt , 

" Hm ivovsd itsalf a valoablb Text-book ; the aasT, if not tbrool^onov jatha ff ag l ii h 
laaaoaae on the subject.**— Jf/msy y ^^^ nm L 

*NoBaglSslMpoalMM|MiMA«nt or Mining Stodent will oeasidar his tedMBcal Uhnvy 
MBialete without ft."— Ak/wrv. 

''^A doable acc e ss e i y to Surteyon hi eveiT department of eooa 
fViIly desenres to hold its posidon as a 8TANi>Aai>."--Ci>//irfr Gumrdiam 

LONDON: CHARLES QRIFFIN & CO.. UMITED, EXETER STREET, STRAWL 
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WORKS ON MJMIJfO. 57 

A TEXT-BOOK OF COAI^MINING: 

fOitTHS USE OF OOLU&ff itMtM&n AM OTMEM 
ENGAGED IN COAL-mNING. 

mr 
HE.RBERT WILLIAM HUGHES, F.G.S^ 

. Royal SAmA of Miint, Geoenl Managv of Sttdwdl Pork Coiliefy. 



Fourth Edition, Revised and Greatly Enlarged, WUk Nuenermu 

Additional lUustraHons^ mostly- redmed from Workie^^ 

Drawings, Price 24s, nett. 



GBHBRAL COKTBHTS. 

Geology.— Search for Coal — Breaking Ground. — Sinking. — Preliminary 
Operations. — Methods of Working. — Haulage. — Winding. — Pumping. — 
Ventilation. — Lightmg. — ^Works at Surface. — Preparation of Cool for Market. 
—Index. 

"Quilt TmiBatT BOOK of its Idnd ... at nucncALinaimasabo^^anbe . • , 
IWiibnmdMMi an mwcme mHT.**^A ikemtmn, 

" We cordially recommend the woAL^'^-CelSefy GmmnUam, 

'* Will soon come to be regarded as the stamdabd wokk of its laad^^^Birmtmgkmm 
DmHr Goaeiie. 



In Lturge 8fv, frafll Jlhutraiigns^ and Hdt&ng-Ptaies. ioa dii 

AND THE USE OF EXPLOSIVES- 

A Handbook for Engineers and others Engaged in Mining, 
Tunnelling, Quarrying^ A& 

By OSCAR GUTTMANN, Assoc M. Inst. CB. 



of ike Soemtm ^CMl Bifgtmmrs mmd ArekUectO ^ Viemm m 
Corre^mdb^ Metrnkor o/tkt Imp. Royt, Goelegieml ImiUmtim ^Ameirkt, A^. 

Gknskal Contbnts.— Historical Sketch— Blasting Materials— Blasting Pow- 
der—Various Powder-mixtures— Oon-cotton—Nitro-jnyoerine and Dynamit^^ 
Other Nitro-compoonds — Sprengel's Liquid (acid) Explosives --Other Means of 
Blasting— Qualities, Dangers, and Handling of Explosives— Choice of Blasting 
Materials — Apparatus for Measuring Force — Blasting in Fiery Mines — Means a 
IcaitbifCbaiges— Preparation of Blast»— Bore-holes— Machine-drilling— Chamber 
liiiies— Charging of Bore-holes — Determination of the Charge — Blasung in Bore- 
boles— Firing— Straw and Fuse Firin|^— Electrical Firing^— Substitutes for Electrical 
Firing— Results of Working — Various Blasting Operations — Quarrying— Blasting 
Masonry, Iron and Wooden Structures— Blasting In earth, under water, of ice, &c 

**Tfais immtAKJi work/'— Cof/irry GmartUon. 

" Sboald proTe a vade-mecitm to Miaiag EDgineen and all engaged in practical work* 
^Tren amd Coal TraJtM RexfUw, 

LONDON: CHARLES GRIFFIN A Ca, LIMITED. EXETER STREET, 8TRAIUI. 
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OHABLEB GRIFFIN S VO.*S PUBLIC A TlOHa. 

NEW VOLUME OF GRIFFIN'S MINING 8EBIE8. 

Edited by C. LS NEVE FOSTER, D.So., F.R.8., 
HM. Inapeotor of Min99, ProftBaor of Mining, Royai School of MinoM, 



In Large 8vo. Second Edition. Price 10». 6d, 

Mine Accoiints and Hiing Book-keeping. 

For Students, Managers, Secretaries, and others. 
With Examples taken from Actual Practice of Leading Companies. 

BY 

JAMES GUNSON LAWN, AsaocKS-M., Assoc. Mem. Inst. C.E., F.Q.S.. 

ProfMBor of Mining at the South African School of Mines* Capetown, 

Kimberley, and Johannesburg. 

Edited by C. LE NEVE FOSTER, D.Sc, F.R.S., 
U.M. Inspector of Mines, Professor of Mining, Koyal Scliool of Mines. 

General Contents.— Introduction.—Part I. EDgagement and Pay- 
ment of Workmen.— Part II. Purchases and Sales.— Part III. Working 
Summaries md Analyses.— Part IV. Ledger, Balance Sheet, and Compaoy 
Books. — Part V. Reports and Statistics. 

**U seems mpossiBLs to suffffest how Mr. Lawn's book could be made more coMPUn er 
more valuablk, carefhl, and txh&VMtlJt."— Accountants' Magatint. 



Second Edition. Large Crown 8vo. Handsome Cloth. With over 
520 Illustrations in the Text. 12s. 6d. 

PRACTICAL COAL-MINING! 

A MANUAL FOR MANAGERS, UNDER-MANAGERS, 
COLLIERY ENGINEERS, AN0 OTHERS. 

With Worked'Out Problems on Haulage, Pumjnng, Ventilation, «fec. 
By GEORGE L. KERR, M.E., M.Ikst.M.E., 

Colliery Manager. 
*"rhe general arraniremcnt of the book . . . closely follows that adopted in the larger worits, 

but a ORIAT DKAL OF 8PACK IS OCCUPIXb ON DXSCaiPTIOS OV DKTAILS."— TA« Mini%a JcumvL 

*'ThlB book JCBT MXXT8 the wants of Students preparing for the Colllenr Msnagen' Eiamin- 
^^tons. I have decided to use it for our classes here. . . . We hare. I believe, the largest 
Binlng class in Great Britain."— rA« Principal of a Training CoUtge. 



Ready Immediatlly. In Crown Svo. Handsome Cloth. 
Fully Illustrated. 

ELEMENTARY COAL-MINING: 

For the Use of Students, Miners, and others preparing 
for Examinations. 

By GEORGE L. KERR, M.E., M.Inst.M.E., 

Author of '* Practical Coal-Mining.** 

' Speciilly designed to meet tJie Bequiremenla of Siudente attending 
Classes on Coal- Mining, 

LONDON: CHARLES GRIFFIN ft CO.. IIMITED. EXETER STREET. STRANa 
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WOBKS ON MINING. 59 



Nbw Edition. Wiih IUu8tration$ and Plates. Handiome Cloth. 7«. 6d* 

THE CYANIDE PROCESS^ OF GOLD EXTRACTION. 

A Text-Book for the Use of Metallurgists and Students at 
Schools of Mines, do. 

By JAMES PARK, F.G.S., M.Inst.M.M., 

Late Director Thames School of Mines, and Qeologtcal Surveyor and Mining Geologist 
to the Qovemment of New Zealand. 

Second Esolish Edition. Thoroughly Revised and Greatly Enlarged 
from the First English Edition, and based npon the Third (1897) 
(New Zealand) Edition. With additional details concerning the 
Siemens-Halske and other recent processes. 

CoNTBNTs.— The Mac Arthur Process. — Chemistry of the Process. — 
Laboratory Experiments. — ^Control Testing and Analysis of Solutions.'— 
Appliances for Cyanide Extraction. — ^The Actual Extraction by Cyanide. — 
Application of the Process. — Leaching by Agitation. — Zinc Precipitation 
of Gold.— The Siemens-Halske Process. — Other Cyanide Processes. —Anti- 
dotes for Cyanide Poisoning. — ^Cyaniding in New Zealand. 

** Mr. Park's book deserves to be ranked as amongst the best of bxistiho treatibbb 
01 THIS SUBJECT."— J/tnin^ Journal. 



Second Edition. With Illustrations. Cloth, 3s. 6d. 

GETTING GOLD: 

A GOLD-MINING HANDBOOK FOR PRACTICAL HEN. 
Bt J. 0. F. JOHNSON, F.G.S., A.LM.E., 

life Member Anstralasian Mine-Managers* Association. 
GXNERAL doNTENTS.— Introductory : Getting Gold— Gold Prospecting 
(Alluvial and General)- Lode or Reef Prospecting — The G^nesiology of Gold — 
Auriferous Lodes— Auriferous Drifts— Grold Extraction— Secondary Processes 
and Lixiviation— Calcination or *' Roasting *' of Ores — Motor Power and its 
Transmission— Company Formation and Operations— Rules of Thumb : Mining 
Appliances and Methods — Selected Data for Mining Men— Australasian Mining 
Regulations. . 

*PRAoriCAL from beginning to end . . . deals thoroughly with the Prospecting. 
Sinking, Crashing, and Sxtraction of gold."— Brtt. Au$tr<Uanan. 



Pocket Size, Strongly bound in Leather. 3«. 6d. 

THE HINIKG ENGINEERS' REPORT BOOK 

AND DIRECTORS' AND SHAREHOLDERS' GUIDE TO MINING REPORTS. 
By EDWIN R. FIELD, M.Inst.M.M. 

With Notes on ths Valuation of Mining Property and Tabulating Reports, Useful 
tables, Ac, and provided with detachable blank pages for M8. Notes. 

"An ADHiaABLT compiled book which Mining Engineers and Managers will find 
BXniMBLT U0KF17L."— iftntyi^ Journal. 

UNDON: CHARLES GRIFFIN i CO., LIMITED. EXETER STREET. STRAND. 
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dfio CHARLBS QEIFFJN S VO.V PUBLIC A TI0N8. 

In !rwo ToluHieSy Iiarge 8to. 
WUh Nmm^ m tt $ Mfajm\ Piaies, and^IHuttraiioHa in the Tt3tt, Prim 46$, 

p E rr R o Xd s XI liOL 

AND ITS PRODUCTS: 

' BY 

l>r, BOVEBTOB" REDWOOD, 

F.B.S.E., F.I.C., A8«oc.R C.S., 

Hon. Ooir. Mem. of th« Imperial BoMian Technical Society ; Mem. of the Amerievi Okeoikftl 

6oei«tr : Adviaar to the Ooiporation of LoodOD mular Ihe Paftroleiua 

Acta, Ac., Ac. 

Amanm> m G£0. T. HOLLOWAY, F.LC, Aasoa R.G.8.. 
And Nnmenmfl Gontribiiton. 

GhanitAL Oontbnt* — I. General Hatorioal Aoeonnt of the Patroletim Indvuiti7.— .II. 
Geologloal and GtooKraphieal Diatribatlon of Petroleom and Natural Gaa.— III. Chemical 
•od Bbydeal Propertiea of Petroleum — ^IV. Origin of Petrolnum and Natural Qas.—V. 
Production of Petroleum. Natural Gati, and Ozokerite.~YI. The Beflniag of Petroleom. 
—VII. The Bhale Oil and AlUed Indu8triea.~VIII. Transport, Storage, and Distribution 
of Petroleum.— IX. Testing of Petroleum —X. Applfeatlon and Uaea of PetroIeum.^-XI. 
Legislation on Petroleum at Home and Abroad.— XII. Stati»tica of ibe Petroleum Pro- 
dnetion and tlie Potrolewn Trade, obtained from the moat traatworthy and offlci il sonroes. 

*'TheMOST coicpSBBENsn'E AXD coHTBKiBXT ACcociTr that has yeiappaared of a gigantic 
indnstry wbicli haa made iocalcolable aodltionfl to the comfort of cliUleed man."— rAe 
Times. 

" A smNMD coirntTBiniDir to onr technioaT literature.'*— CAcm^ca? Ifeiei. 
^ **ThiB raoaouoBLY eiAv&asD wcaac ... in every sray bxoblumt . . . moat folly 
and ably handled . . . could only have been produced by a man m the very exceptional 
position of the Atitbor. . . . IivDispiiiaABLic to *li who have ro do iritb Petroleum, Ita 
APPUCATI0H8, MASCvacxuBE, siobagjc, fa TJuum*0BT *'— Mining Jourual. 



JViSfT OUT. With Plate* {One Ccloured) mml Illualratioms. 
Price 8tf. 6d. nei. 

A HANDBOOK ON PETROLEUM. 

FOR INSPECTORS UltDER THE PETROLEUM ACTS, 

And for those engaged in the Storage, Transport, Distribution, and 

Industrial Use of Petroleum and its Products, and of Calcium 

Carbide. With suggestions on the ConstruGtion and 

Use of Mineral Oil Lamps. 

Br Captain j. h. Thomson, 

H.M. Chief Inspector of Ezploaives, 

AVD 

Br. BOVEtlTON REJDWOOD, 

Advliar oo T^teleom to the Home Office and to the Oorpocatloo of London under Ihe 

Petroleum Acta. 

Coirraires.— I. Introductory.— II. Sources of Supply.— m. Production.— IT. Chemical Pro* 

«Bbale OU. and Goal Tar.--T. Flaah Point and hre Teat.-VI. Testta«.-«VU. JUlatliMr 
tion relatlnff to Petroleum. — VIU. - IX. — Precautions Keaessary.— X. PMaeleMn «S 
I«amps.— XI. Oariftide of Calcium and AoeUrieac—ApiMnidiees.— Ikokx. 

tnmON: CHARLES BRIfFm ft CO., IMITEO, EXETEH STREET. STRAm 
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TnaD flnmoN. With FMmg PMts And MMyll)ii>i>liiiiM. 
Large 8to. Han<Uome Cloth. 368. 

ELEMENTS OF 

Metallurgy: 

A PBACTtCtL TREATISE ON THE ART OF EnRACTIttO METALS 
FROM THEIR ORES. 

J. AETHUB PHILLIPB, MJhst.O.E., FjCJB^ V.Q.e„ ^ 

Am 
H. BAUERMAN, V.P.G.S. 



Bcfeaotory Materials. 
niw-C&ays. 

j AlnrnmiTiTn, 

Copper. 
Jin. 

lywoKABUE unnenom, dealing with new Prfinwiw and IkmiiopDMiiftiw 
will be fotind in the Third Sdition. 

"^iH the Thibd Edition, we are still ahle ^ eay that, as a Tea* t eak of 
lietallorgy, it is THX bb» with which we are aoqnainted."— An^iiMsr. 

" The Talne of this work is almost in^timable. There ean he no iqna^ion 
4hat the MBoont of tiBM^ndkbonr bestowed on it is enoaooiia. « « . Ttttm 
m anrtainlj no Metallnrgical Treatise in the language caleolatad to prore of 
«aeh genenl ntility."— If mmDr Journal. 

" In this most nsefnl and handsome Tolome is condensed a large amonnt of 
Tahiable practical knowledge. A careful studj of the first division of the book, 
«n 'Fttds, ^effl be found <to be of great ySm to ^/^vj one in twiwinc for 4ho 
#aBB(q|iaal «pi^ieatioiis of onr scientific knesiMtffe to any of our ■wtallmgieal 
ofpaivCions. —jL^tMBuvUm 

" A work which is eqnallj valuable to the Student as a Text-book, «nd to the 
practical Smelter as a Standard Work of KcfesKwe. . . « Thu TIlMJijiliuiii 
are admirable examples of Wood Bngravi^g."— CAemteo/ Jfewi, 

lomoiuisittiusfiRrFFtN « gd., umited. exher gtmn, twm. 



.AX. CONTENTS. 




Antimony. 

ArseniiL. 

Zinc. 

Mercunr. 

Bismuto. 

Lead. 


Lron. 

Cobalt 

KiokaL 

Gold. 
Biafewnn. 
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OBAMMM BMtWnn * OO.'B FUMUOATIOMM, 



(&iMtiB '^ttullntQml Stxm. 



STANDARD WORKS OF REFERENCE 

FOR 

Hetallnrsrists, Mine-Owners, Assayers, Manafaetnren, 

and all interested in the development of 

the Metallurgical Indostries. 

EDITED BT 

Sir W. ROBERTS-AUSTEN, K.C.B., D.C.L, F.R.S., 

AND ASSA7BR TO THE ROTAL MINT ; PROFESSOR OF METALLURGY IIV 
THE ROYAL COLLEGE OF SCIENCE. 

In Larg* Sw, Hmtds0nu Cloth. With Itlutiraiimt, 



INTBODIJCTION to the STUDY of METAIiLUBaY. 

By the Editor. Fourth Edition. 15s. (Seep. 63.) 

GOLD (The Metallurgy of). By Thos. Kirkb Rose,. 
D.Sc, Assoc R.S.M., F.I.C., of the Royal Mint, Fourth Edition, 
2 IS. (Seep. 63.) 

IiEAD AND SILVEB (The Metallurgy of). By H. F. 

Collins, AssocR.S.M., M.InstM.M. Part I., Lead, i6s; PRit 
II., Silver, i6s. (See p. 64.) 

IB ON (The Metallurgy of). By Thos. Turner, 
Assoc R.S.M., F.I.C., F.C.S. 16s. (See p. 65.) 

STEEL (The Metallurgy of). By F. W. Harbord, 

Assoc R.S.M., F.I.C., Chemist to the Indian Government. (?ee 
p. 65.) S^Ready shortly, 

MXTALLUBaiCAL MACHINEBY : the Application of 
Engineering to Metallurgical Problems. By Henry Charles Jenkins, 
Wh.Sc, AssocR.S.M., Assoc M. Inst. C.E., of the Royal College of 
Science. 

ALLOYS. By the Editor. 

*«* Other Volumes in Preparation. 

LONDON: CHARLES GRIFFIN A CO.. LIMITED. EXETER STREET. STRAND. 
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METALLURQIOAL WORKS. 63 



GBIFFIK'S METAIiIiTJBaiCAL SEBIES. 



Fourth Edition, Revised and Enlai^ed.. Price 15s. latge 8vo, 

with numerous Illustrations and Micro-Photographic Plates 

of different varieties of Steel. 

An Introduction to the Study of 

BY 

Sir W. ROBERTS-AUSTEN, K.C.B., D.C.L., F.R.S., 

Associate of the Royal School of Mines : Chemist and Assayer of the Royal 
Mint ; Professor of Metallurgy in the Royal College of Science. 

General Content^.— The Relation of Metallurgy to Chemistry. — Physical Properties- 
of Metals.— Alloys.— The Thermal Treatment of Metals.— Fuel and Thermal Measurements. 
— ^Materials and Products of Metallurgical Processes.— Furnaces.— Means of Supplying Air 
to Furnaces. — ^Thermo -Chemistry. — Typical Metallurgical Processes. — The Micro- Strutture 
of Metals and Alloys. — Economic Considerations. 

" No English text-book at all approaches this in the complbteness with 
which the most modem views on the subject are dealt with. Professor Austen's 
volume will be invaluable, not only to tne student, but also to those whose 
knowledge of the art is far advanced." — Chemical News, 



Fourth Edition, Revised, Considerably Enlarged, and in part Re- written^ 

2l8. Including the most recent Improvements in the Cyanide 

Process. With Frontispiece and numerous Illustrations. 

THE METALLURGY OF GOLD. 



T. KIRKE ROSE, D.ScLond., Assoc,R.S.M., 

AuiOant Asaaytr of the Royal Mint. 

OIVIKAL Contents.— ITie Properties of Gold and its Alloys.— Chemistry of Gold.— 
Mode of Occnrrenoe and Distribntioxi.— Placer Mining.— Shallow Deposita.— Deep Placer 
Kining. — Quartz Crushing in the Stamp Battery.- Amalgamation.- Other Forms of 
Omshuig and Amalgamating.— Concentration.— Stamp Battery Practice.— Chlorlnationr 
Hie Preparation of Ore.— The Vat Process.- The Barrel Process.— Chlorination Practice 
in Partfeular Mills.— The Cyanide Process.— Chemistry of the Process.— Pyritic Smelting. 
—The Refining and Parting of Gold Bnlllon— The Assay of Gold Ores.— The Assay of 
BolUon—Bconomic Considerations.— Bibliography. 

** AooMPBSBBNSivB PEACTicALTRBAnsB ou this Important subjeot*'— 3^0 Tima. 

'*The HOST ooMPLBTB dseoTiption of the OBLoaiHATiOE peocbss whloh has yet been pab* 
Uskod.'*— ifiiito^ J^mnml. 

** Adapted for all who are interested in the Gold Mining Indostry, heing free from teob- 
■lealitiei as far as posalblo, bat is more partloalarly of value to tboie engaged in the 
la d— try."— Caps Timu. 

LONDON: CHARLES GRIFFIN i CO., LIMITED, EXETER STREET. STRAND. 
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4 OHARLM mnwFnr .# okv fumuva tiovb. 

aBXFFIN'S MSTAIj:iXmaiCAIi fiXBIXS. 

Edited by SIR W. ROBERTS-AUSTEN, K.C.B., F.R.S., D.C.I-. 
In Large 8vo. Handsome Cloth, Wiih JUtuiratumB. 



IMPOBTANT MBW WOKK. JffOW EEADf . 
In Two Volumas, Eftoh Complete in Itself and Sold Sepantely* 

THE METALLURGY OF LEAD AND SILVER. 

Bt H. F. COLLINS, Asfioc.R.SJM[., M.I»iT.MJM[. 



A OoBiplete «id EzhaastiTe Tfeatue on the Mjaraftkctiire <lf Lttd, 
with Sections on Smelting and I>eailveriM.tiQ&, «nd Ciwpten on iiha 
Auay And Analyais of the Materiak involved. Price i6s. 

BtlMXART OP CoNTEirTS.— Sampling ftnd Aosaytng Lead and Silyer.— nropertie and 
<k>mpoitnds of Lead.— Lead Ores.— Lead Smelting.— Beverbetatorie8.—Laad Smelting In 
Hearths.— The Boasting of Lead Ores.— Blast Furnace Smelting; Principles, Practice, 
and Examples; Products.— Flue Dust, its Composition, Collection and Treatment.-^ 
<Co8ta and Losses, Purchase of Ores.— Treatment o Zinc, Lead Sulphides, Desilveriaation, 
^ftening ani Seflning.— The Pattinson Process.— The Parkes Process.— Cupellation and 
BaSokogt Ac., Ac. 

"<A ^XBOROUCW'T 80JIVP and meSul digaat. Hay witb wsmRT eoanoiHOi ba 
recommended. "'Jirta^ Journal. 



Pa.z>t II.— SXI^VSR. 

Compriaing Details regarding the Sonniea and Traabnent of Silver 
Ores, together with Descriptions of Plant, Machinery, and Processes of 
Hannfactnre, Refining of Bullion, Cost of Working, &c. Prioe 168. 

SumKAiur OF OomBMis.— Properties of SlWar and its Frlndpa CenposMis.'-'ttlver 
Oica.^Xhe Patio Prooeas.— The Kazo, Ifondon, Erohuke, and Tina PioeeBBMi.— ICbe San 
£n>a«B.-iSUMAt Amalgamation.— Tieatment of XaUlngs and CoiieeiitaayMD.-ftatorttBg, 
JtfeftUag, aad Aaa8aring.--(Morodiaing-JELoa8tiag.— The Anffistin, OJkMifM, and .atavogel 
Pitweises.— The Hypo-Sulphide Leaching froeess.— Beflniag.'^MattiB flartltfng.- g^iiU e 
fimelting.'Matte Smelting in lteTef3M»torfew>>-^lver-CoBper SiBflttiiy sad .Brt^niag.— 
IffDBX. 

" Tbe author has focusaed A JiABOb amottkt of yalujoox ivFQflMeriOH inio a 
fionveoisntfonn. . . . The author has evidently considerable piactteal eaoMtease, 
and describes the various processes dearly and welL"— Jfinfn^ JourmU. 

amm: cmujes Mfffwn d co, imms, beha simx, stum. 
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' MMTjiSLLVMOiaAL woBsan 



mB2AJJIKTB!aTOAIi 



fiacoRD Editidn, Tteyked. Price His. 

THE lETALLOR&Y OF IROH. 

By THOMAS TUKJSEil, Assoc.RS.M., F.I.C., 

Direetffr of T&^tnicta InstruetUm to tTie Stafardshire Count!/ CouneiL 

Lf liAjum 6ro, Hakosomx Cloth, With NxTMBEcms laxsrPiJaioin 
* (MAKT ntox Photookaphs). 



Otatral OwXtnto. Bariy Htetoryof Ifiin.-4iod0mSiclar7<a( Icoil— TheA«e of ilMl. 
'-Clitof Inm Ona.— Pv^pftraitten«f Xron OPM.'-Jhe BlMt Jtowiap».-3be Air wed in liie 
BlMt FaniMWL->B— ot id i M of tbe JHtawt FBno*o»#— Tb« 4*A0t .aawlin «1mi BlMt yiiwinM - 
fllKgftand Fozei of Iron Ameltlng.— Properttos of OMt IroDu^Fonndr; Bsaotips.^'Wsooglit 
IroiL--IiidlNot Prodnetloa of Wrought Iron.— TbA Poddlii^; Proo«aB.-<#tiraMK'^!ieid;B|tiit 
■ «f Wrought Iron.— Gorro«ion of Iron«iKl Stool. 

*' A MOST TALUABLB MVUMhXT fif Jboowlodge nktiog to omy metM «Bd «kage 
inthomtfiiifiolnnofMft tnd wDOuglitiron . . . rich in ehemioal detailB. . . . 
EzBAUSTiYK and thobovoblt vr-TO-i>ATKy ^Bulletin of Vie American Iron 
mnd Sioel AjmoeiaJbkm, 

*' This is A imuoRTruL book, giyine, as it doss, Mliablo inffsCTistiiin on w^ m tkiu X 
^•iMWBing f/mrj day mors ^borate. "--CMttfrv OvardieM, 

" A THOBotrafan- -dsbfitl book, wUeh orings thfe mbjcet ^or 'vo aMOB. Of 
^■■AT TALm tothsiw sogagod in ^ iron indnst^.^-rlftftmi^ Jovnual. ; 



IN AOTIVe f^RMRARATlO N. 

Kew Tolume of tire ^'Metalhu^cal Series." 

TIE METAllDRGY OF STEEL. 

Bt r. W. HARBOED, 

qfihe Boyal ScHmkI <tfM%»es, Fellow of the hutknte o/Chemutty^ 
Chiwtiwt io ike Indian Oovermnent, Boyal Indmn Mngimermg 
College, Cooper's Mill, 
W.ism Hxnamous Diao&amb asto luuuflraATioRB of Fimst j»d 
asmrcosD niooi Wofuciiw Brawbx^a. 



l£TALLIIRfim''MA&fiRY: 



^T HENRT CHABLES JENXINS, 



*«* For Deteils of Works on Minino, ««e page* flMt. - 

: 9Biiiiu£8 mtm * 60, uHJiiq, acaia smeEir, isnMiio. 
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M CBARLM ORIFFIN * OO.'S PUBLI0AT10N8, 

A TEXT-BOOK OF ASSAYING: 

For tkt lit of StudottU, Mint Managan, Aooayon, dA 
By J. J. BERINGER, F.LC, F.C.S., 

TttbUc Amdysk for, and Lceturv to the lluunc AaMciatMa of, ConwmH. 

And C. BERINGER, RC.S., 

Late Cliief Anayer to the Rio Tinto Copper Company, Londca, 

Wkh nmnarons Tables and Illustrations. Crown Sto. Cloth, io/6w 

Seventh Edition, Revised and Enlarged. 

Gbmbsal Contknts. — Pakt I. — IifTaoDUCTOKY : MANiPaLATiON : Samplinc; 
Bfyinc; Caloiladon of lUiiiItt— Laboratory-books and Repotta. >Mbthooc: Diy Gravi- 
■ wt ric; Wet GraTimctric— Volumetric Assays: Titrometric, Coleiimetric, GaKMnetrio— 
Weighuic and Measuring^ Roac«ata— Formula, Eqtiations, &c.— Specific Gravity. 

Pakt IL— Mbtals : Detection and AssaT of Silver, Gold, Platinum, Mercury, Copper, 
Lead, Tludlium, Bismuth, Antimony, Iron, Nickel, Cobalt, Zinc, Cadmium, Tin, Tungsten, 
Titanium, Manganese, Chromium, ftc— Earths, Alkalies. 

Fast III.— NoN-MrrALS : Oxygea and Oxides ; The Halog eas Sulphur and . Sul- 
p hata i A ia ea i c, Phosphorus, Nitrogen— Silicon, Carboa, Boron— Useful Tables. 

''A BBAixr MaaiTOKiovB wear, that auiy be safely depended upoa other for systematic 
instmction or Cor reference."— A«/arfTr. 

"This work is one of the best of its kind. . . . Contains all the information that 
the Aiaayor will find necessary m the c 



Ssoo!rD Edition, Revised, HaruUome Cloth, With Numerous 
JUustrations, 64. 

A text-book: of 

ELEMENTARY METALLURGY. 

Including the Anther's Practical Laboratory Coursk, 
Bt a. HUMBOLDT SEXTO K, RI.C, F.C.S., 

Proftssor of Metallurgy in the Glasgow and West of Scotland Technicsl Gollegs. 

GENERAL CONTENTS.— Introdnetion— Properties of the Metals— Combnstion 
— ^Faeis— Befractorf Materials— Fnmaoes—Ocearrenoe of the Metals in Nstaie — Pre- 

Slion of the Ore for the Smelter— Metallurgical Processss— Iron : Preparation of 
Iron— Malleable Iron— Steel— Mild Steel— Copper— Lead— Zinc snd tin— SilTir 
old — ^Merenxy — Allors — Applications of Elvctkiort to Metallurgy- Laboba* 

^OBT OOUBSB WTTH NUXBROUS PbACTIOAL EXERCISES. 

*'Jnst the kind of work for Students comxbhciro the study of Metal* 
lw|nr, or for Ekoinxbrhto Students requiring a oskebal krowlboob of It. or 
Ibr BRoarBBBS in practice who like a rardt work of rbvbbbbox. To all three 
elasies wa iiBABTn.T commend the work.^'— Practical Engineer, 

** Exobllbrtlt got-up snd well-arrarobd. . . . Iron and copper weU 
ezplsined by bxobllbrt diagrams showing the stages of the process firom start to 
flush. . . . The most rovbl chapter is that on the manj changes wrought 
in MetaUmgicsl Methods by EhmcrtKicrrT,"— Chemical Trade JoumaL 

** Possseees the obbat advantaob of giTing a Coubsb of Pbactioal Wobx.*^ 

LONDON: CHARLES QRIFFIN i CO., LIMITED, EXETER STREET, STRAND. 
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BLBOTRO METALLURGY. 67 

Large 8vo. Handaome Cloth, Ss. 6d. 

Tlie Art of the Goldsmitb ajid Jefeller 

A Manual on the Manipulation of Gold in theTarious 
Processes of Goldsmith's Work, and the Manu- 
facture of Personal Ornaments. For 
Students and Practical Men. 

By THOS. B. WIGLEY, 

Headmaster of the Jewellers and SllTersmiths' Association Teohnlcal 
School, Birmingham. 

ASSISTED BY 

J. H. STANSBIE, B.Sc. (Lond.), F.LO., 

Lecturer at the Birmingham Municipal Technical SchooL 
In Large Crown 8vo, With Numerous lUustrcUiom. 

^Pfloe* Qi Ootd^ Hllv^F, ^c — Pn^ifiratfLfti o( MU>yA, —UeMiae at flaJd,— JiallJibf^ Aihl s^lltttn^ of 
0^d.^^The Worltshoit auhI TcnjIb.— FlIitfTfe Wire Unnrifiif. —Manufacture of pt?re!0|]«L OrqiLiiketitt. 
— Flmrer Hltiirii — 3lt»unT.hi.(r itid Settlu[f. Miij^i^ral (.'itaini f'ud Civic IhbIiJtila^— Antlqxia nlcwt^l- 
Jirr ftiid h* Iteviviil. — Elrnjrau Wort.— Mmiuracturt* of OnW Chaiofl.— 'PucriDUa tSTQsrJB-— 
€iitUELK DkriMDHlii atut ^ithf r riTckuuji fit^uju. -PoiisMmr uml FhihTiiriE? — ChiuJDff. EmboulDg'. 
mnd Re|.wjnB*# \V4»ft.— Tliif <'ol.«iiarlMjit fltul ¥ uhhkig of Art!efi>* ol Jewmllprjr.— En(nrn?llliigj i|a 

iin Hirrxin, Ilitt^irTt ftutli PnwfaM*.— M«ul«llniE *nd f^jiating if 0mAQi«rif4, «e.— Hiuei, 4o — 
Rf^c^^rerjf' 1-f the PitcUhi^ Mi'EaIi froni thi^ WiiaiL' PrcMitjcLH,— Rpfliiin^ i^cmeli ahU Af^myttiii Smu] 
B&rm — (f lldtnij imJ Eti^ctrsj r^fii:i^itioii.--ll!A!l'MArkiii|g *]loltl and :*iJv(it Plita,— 3ii4celTi 
Cm rut Inferfii^titsa.— ApfH^udli : Teclmolaf^fsji]: KuuslflJiUuiii. 



In Large 8vo. Handsome Cloth. Price 48. 

TABLES FOR 

5UANTITATIYE METALLURGICAL ANALYSIS. 

FOR LABORATORY USE. 
By J. JAMES MORGAN, F.C.S., 

Member Soc. Chem. InduUry, Member Cleveland Institute of Engineers. 

SuMMABY OP Contents.— Iron Ores. —Steel.— Limestone, &c. — Boiler In- 
crustations, Clays, and Fire-bricks.— Blast Furnace Slag, &c. — Coal, Coke, 
And Patent Fuel— Water.— Gases.— Copper.— Zinc— Lead.— Alloys,— Whit* 
Lead.— Atomic Weights.-Factors.— Reagents, &c. 

*«* The abore work containa several xovkl vkatdkss, notably the f ztension, to qvanti- 
tatlve analyslt. of the fbixciplks or 'Uroup* Hkpabatioks, hiiherU) chiefly oonflned to 
<2aalitatiye uork, and vrlll be found to facilitate grbatlt the operations of OHiMuni 
AssATsas, and oih^n.-~Fublisher's A'oU. 

** The Author may be cokgbatulatbd on the way his work has been carried ovt**— 
The Sngineer. 

'* will coMuvKD iTSKLF highly in Laboratory Practice. Its CLSAanas and PBsoiSMMr 
marit the book out as a highly useful oa^."^JHininff Journal. 

LONDON: CHARLES GRIFFIN ft CO., LIMITED, EXETER STREET, STRAND. 
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SsooND Edition, Keviaed, Enlarged, and in part Re-written. 

With Additional Sections on Modsbm Thkoszes ov Electroltsis ^ 

Costs, &c Price lOs. 6d. 

A TBEATISE OK 

ELECTRO-METALLURGY: 

Embracing th# AppUcsliaK of Blectrolyn to the Ptatinft Bepoaiting, 

Sbmelting, and ReOning of rations Metab, and to the Bepro- 

doction of Printing SnrflMea and Art- Work, ^. 

WALTER G. McHELLAN, F.LO., 7.0.%, 

5Mr0tory to tht Institution of BUctritsai Snginetn; late Leetunr in MetaUurgif 
at Maam CoUege^ BimUti^ham, 

With nnmerona Bloatrationa. Large Crown 8vo. Cloth. 
*' Thii eioaUent treaitiae, . . . onerof tii#B!Mr and mon couFLMfrm 
manual! hitherto published on Eleetro-MetaUnxgy."— iSEselrfeal Bevieto, 
" This work wiu be a aTAWnamp/*— Jgtoef^. 

JIT metalkirgioal p r o ce m which bsduobi th* cxmpt cf pBodnotion 
of • ^ "• 



oeoeMity pivfB or great cuiiuiieraial itugKtHKhttt,- • • • W<i^ 
nd this mmml to all wIio are islinslad in tte vmmmoM^ 
ArrucMBOim d eiettsoly tio pro e>ises. ''^ Se i i m nr, 



hi Urm 8iH>. Wilb. ] 

Price 21» 

ELECTRIC SMEITnTfr & MFinS^: 

A Practical Manual of the Ext^action and Troatnnent 

of Metals by Electrical Methods. 

Being the " Elsktbo-Msxallusoib " of Bb. W. BORCHERS. 

Translated from the Second Edition by WALTER G. McMILLAN. 
F.Lc. r.oi. 



ooNTaNva 

Pakt I.— Alkalies and Alkaline Earth Metals: Magnesinm^ 
Lithinm, BerylUnm, Sodium, Potassinm, Calcium, Stsontiun, barium, 
the Carbides of the Alkaline Earth Metals. 

Part II.— The Earth Metals: Aluminium, Cerium, Tianthanum, 
Didyniom. 

Part IIL— The Heavy Metals ; Copper, Silver, Gold, Zioo and Gad* 
nrimn, Meronry, Tin, Lead, HiBmuth, Antimony, Chromium, Molybdenum, 
Tungsten, Uranium, Manganese, Iron, Nickel, and Cobalt, the Platinum 
Gvenp. 

"COMFRBBENBrni and AVTHORITATmB . . . DOt OOly WUs of VACUABLB lEfOB^ 
MMFIOH, bnt giTe^ erldenceof a TBOROirOH iirsrORT Into tlie teohnioil VALUI latf 
POSSIBZLITIES of all the methods diacoMed."— 7A« J^eetrieian, 

*' Dr. BORCHEBS' WELL-KNOWN WORK . . . mttst OR KSOMITr RE ACQITIRBD hj 
wwj one Interested in the subject. ExcrLLRKTLT pot into English with mMKIoiuiI 
■ialt«r by Mr. McMillan."— A'oturv. 

" Will be of ORRAT SRBVIOB to the imctieal man and tbeStudsnt."— AsetKe £fnult iim 

LONDOH: CHARLES GitlFFIN ft CO.. UMITED, EXETER STREET, STRAHDt . 
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9. Griffin's Cheffiicid and Teehn otegical Mlications. 

For MetaUvirgy cmd ElectrchMetallurgy, see previoua Seetum. 
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Dairy Chemistry, 
Flesh Foods, 
Foods, Analysis of, . 
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C. A. Mitchell, 
A. Wyntbb Blttb, 

Dr. G. Reid, 
P. Wood, 



Brewing, 
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Dr. W. J. Sykes, 
Santo Crimp, 
W. Natlor, 
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Thos. ArrsEN, . 

W. AtKINSON BXTrnfRFIELD, 77 

MM. Redwood and Hollowat, 60 
Db. Aldbb Wbxohv, . 80 
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A SHOST MANUAL OF 

INORGANIC CHEMISTRY. 

BY 

A. DUPRE, Ph.D., F.R.S., 

AND 

WILSON HAKE, Ph.D., F.I.O., F.C.S., 

or tlM Wwtmiiutar Hoqutal Medical SchooL 
Third Edition, Revised, Enlarged, and brought up-to-date. Price 9s. net. 

"A weH-writtea, clear and accurate Elementarr Manaal of Inorganic Chemistry. . . , 
We agree heartily wiih the syvtem adopted by Drs. Duprtf and Hake. Will makb Exphu- 
MBNTAL Work tsbbly intsxmsting BKAUtB iHTmudGiMiM."^^aiunUjf Rtvitw. 

"There it no question that, given the pbspbct gkounding of the Student in his 'irieara 
the resaaiBder comes afterwards te him in a manner much more simple and easily acqaJMdC 
The werk is an bcamplb or thb adtantagss op thb Systbmatic Txbatmbmt of a 
ScieBce over the ftrngmentarr style so generally followed. By a long way thb bjbt «f th* 
•mall Manuals for Students.'^— ^iMi/jrf/. 



LABORATORT HANDBOOKS BT A. HUMBOLDT SEXTON, 

Professor of Uetallurgy in the Qlasgow and West of Scotland Teohnloal College. 



Sexton's (Prof.) Outlines of Quantitative Analysis 

FOR THB USB OF STUDSNTS, 

With IllMtratioDs. Fourth Edition. CrowD 8to, Cloth, Ss. 

'* k OOMTACT LABORATOBT ouiDft foT beginnen waa wanted, and the want hat 
4Men WBLL auTPLiSD. ... A good and uafol book.**— XoiioeC. 



Sexton's (Prof.) Outlines of Qualitative Analysis. 

FOR TBB USB OF STUDBNTS, 
With niuatrations. Third Edition. Crown 8to, Cloth, 3a. 6d. 
** Tha work of a thoronghlj praotieal GhemifL'*^^'<ig4 Medical JowmaL 
•• Oompiled with great oara, and will rapply a want."— /ounMrf of EdueaUaiL 

Sexton's (Prof.) Elementary Metallurgy: 

Inoludxng the Aathor*B Practical Laboratory Courae. With nuuij 
Illnatrationa. [See p. 60. 

Second Edition, Reviaed. Crown 870. Cloth, 60. 
" Jnit tha kind of work fur ftudents commencing tha Btndy of metollargy.*— 
PraeHeal Enginter. 

LONDON: CHARLES GRIFFIN d CO., LIMITED, EXETER STREET, STRAKD» 
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OHBMIBTRT AKD TMCHN0LOQ7. yi 

CHEMISTRY FOR ENGINEERS 
AND MANUFACTURERS. 

A PRACTICAL TEXT-BOOK. 

BY 

BERTRAM BLOUNT, and A. G. BLOXAM, 

F.I.G.. F.O.B.. AMoaliutCE.. F.I.C.. F.O.S.. 

<3oniiiltlng Ooemlst to the Grown Agents for Consulting Chemist, Head of the Chealslty 

the Colonies. Deputment. Goldsmiths' Inst, 

Mew Cross. 

With Blaitrations. In Two Voli., Large 8yo. Sold Soparatelj. 



"The authors have svcciboid be7ond all expectations, and hare produced * work whlak 
flkonld glre rusH powik to the Engineer and Manufacturer. "—Tks Timn, 



CHEMISTRY OF ENGINEERING, BUILDING, AND 

METALLURGY. 

OmerdL (7o7it«n(/i.— IMTBODirOTIOir— Glieiiiiftry of the Chiaf lbkt«rlali 
•f Oonstraotlon— Souroes of Energy— CliainiBtry of Bteam-ralBlng-— Oliomii- 
try of Lubrication and Lubricant!— Ketallnxglcal Prooeues nied In tlio 
Winning and Manufacture of Metals. 



"P&ACTiCALTHROCTOHOUT . . . an ADMiSABLirazT-BOor, useAil not ouly to L 

but to Bhoikuis and Xi.hi.oim or wo&ks in p&ituitiho W4stb and XMPnoTiiio pmocnui.''— 

" SMtxmLT PKAcncAb."— OlcMpow Mtrald, 

** A book worthy of HiQH BAifK . . . Its merit is great . . . treatment of the suldoel 
•f 0AB10U8 PUKL particularly good. . . . Watbh gas and the production dearly worked out 
. . . Altogether a moat creditable production. Wi wabmlt bmommbhd it, and look forwara 
srith keen interest to the appeanuioe of Vol. U."-VoiinMri afOfu LtffMmg. 

THE CHEMISTRY OP MANUFACTURING 

PROCESSES. 

Otneral Contents. —Sulphuric Add Manufacture— Manufiaoture of AlkaU, 
*c.— DeitructlTe DlstUlaUon-Artlflolal Manure Manufacture— Petr«l««m 
—lime and Oement— Olay luduitrlei and aiaae—Bugar and StarcH— Brewlac 
And IMfttUlng— 011a, Bealni, and Vamlaliee— loap and Oandlea— Teztttas 
and Weanlilng — Colouring Mattera, Dyeing, and Printing — Paper aad 
Pasteboard— PlgmenU and Paints— Leather, Olue, and Hie— Bi9iod.Te» 
and Matobes y^ii o^ COMuloal W fiB u ftwtuTes. 



"Certainly a oooo tad mmn. book, oonstttatlns a rsAoruuL eonn for tladtoli tar 
affording a elear eonoaptioB of the nomerouB prooeeiee at a whole.'*— Cfteailael fVvMi 



**We o oBfiDBB f t T BBooiOfBifD thli Tolume aa a nucnoAL, and not orer l oade^ 
azv-BOox, of OBBAT TAL0B to BtudentB.**— 3%t Builder. _ 

LONDON: CHARLES GRIFFIN A G0« LIMITED. EXETER STREET. STRAND. 
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•/a oEARum eauvtm s co.'s FUBuaAWJotra. 

WOBKS BT A. WnrrEK BLTTH, M.B.CJL, FXJ^ 

Biifflrtg It L>w. Pahlio AnAlytt for the County of Deroa, and M«dical OfflMr of BMMh fw 

M. MuylAboiM. 

POODS: 

THEIR COMPOSITION, AND ANALYSIS. 

Ib Bvny 8to, with Elaborate Tables, Diagrams, and Plates. Handsome 
Cfloth. FouBTH EDinoif. Frioe 21s. 

aSNSRAIi OONTSNTB. 
Hlatorf «f Adalteratioii— legislation, Past and Present— A pp a r s i tm 
vsefnl to the Food-Analyst— "Ash"— Sugar— Confectionwrjr— Honey- 
Treacle— Jams and Preserved Fruits— Starches — Wheaten-Flour— Bread 
—Oats— Barley— Eye— Eice — Maize — Millet — Potato— Peas— Chinsse 
Peas — Lentils — Beans — Milk — Cream — Butter — Oleo-Margsrine — 
Butterine— Cheese — Lard — Tea— Coffee— Cocoa and Chocolate — ^cohol — 
Bnndy— Rum— WhidLy— Gin— Arraok — ^Liquencs — Absinthe — Prineiplea 
«f Fermentation — Yeast — Beer — Wine — Vinegar — Lemon and Lnne 
Jnioe — Mustard — Pepper— Sweet and Bitter Almond- Annatto—OllTa 
Oil — Watxr — Standard Solutions and Beagents. Appendix: Text off 
Knglfah and American Adulteration Acts. 

PRBSS NOTICES OF THE POURTH EDITIOH. 

"fltaipH nroxspsNaASLi in the AxaXywC% laboniory.**— Tte Laned. 
'*Tix Stavdabd woxk on tlie robjoet . . . ETory chapter and STery p««e gi^es 
'int OToof of the ■triet veiviaion to vhioh the work hM keen snbieeted. . . . The 
I onlfiuc la, we believe, the most eslMkVBtiTeatDdy ofthe anbject attant 

"•▲naw 



BILK la, we beUaTO, the moatesbavatiTe study of the anbject extant . . 
nu BAimaL for Analyata Md lladioal Ofteera M HMilth.**— JNiftUe jBMA. 
aditlon of Vr. Wyntar BlyHi'a (Btendafd irark, anwonn vmi ^o. «■ 
IB as» iMPaoTSMxins, wiU be aooepted ea a lKMP."--4MM(SBi Jliw. 



POISONS: 

THEIR EFFECTS AND DETECTION. 

IkxBD EDintir. In Large Svo, Cloth, with Tables and niustratiou. 
Price 21s. 

C^BMSRAZi OONTmiTS. 
L — ^Historical Lutroduction. II. — QsssificatLon — Statistics — ConneotieA 
between Toxic Action and Chemical Campositio&— life Tests— GenenJ 
IMbod of Prooedure— The Spectro eoop e— Eyamiwatinfn of Blood and Blooi 
SttMM. IIL*-^Poisonoiw Gases. lYT— Adds and Alkalies. T.— Km 
«r kis YolatUe Poisonous fiuViaUnoes. VL— Alkaloids and Poi 
VMstabk Pri ncip lgL VII.— Poiaons derived from linmg or Dsad i 
SdhrfMieas. VIII.— The Oxalic Aeid Qranp. IX— laaqsaaio Po 
Afpendw : Treatment, by Antidotes or otherwiae, of Oaasa of Peiaonii^. 

^UadaehtmHyy no* oonifltB wesa en Toadeolagy in aartewoMM."— !%• jMM^Pt fat 
AaflMMlJHMieM* ^ " - ' 

** Aa a tBAonoAi evna. we know iro mrib work."— 1'A« Lan^oet fomike Third JMKNoe^. 
VJb tl^ Anan BDmoH, Enlarged and partly BjMrrttten. Nsw.AjiAiraaAilfBaioBa have 

LONDOR : etMRLES fRIFFttl ft 68.. UNITED. fXETER CTREET, STRMD. 
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Large 8uo Volumes, fkmdsome Cloth. 



With Numerous Tables, and 22 Illustrations. i6s. 

DAIRY CHEMISTRY 

FOB DAIKT MANAGERS, CHEMISTS, AND ANALYSTS 

A Practical Handbook for Dairy Chemists and others 
having Control of Dairies. 

By H. droop RICHMOND, F.C.S., 

CHEMIST TO THE AYLESBURY DAIRY COMPANY. 

Contents. — I. Introductory. — The Constituents of Milk. II. The Analysis of 
Milk. III. Normal Milk : its Adulterations and Alterations, and their Detection. 
IV. The Chemical Control of the Dairy. V, Biological and Sanitary Matters. 
VI. Butter. VII. Other Milk Products. VIII. The Milk of Mammals other 
than the Cow. — Appendices. — Tables. — Index. 

" .' . . In our opinion the book is the best contribution on thk stWjBCT ■nMf 
HAS VKT APPBARSD in the English language." — Lancet. 

** The author has sncce^<!d in putting before the reader a complete book on Daixy 
Chemistry. It forms a complrtb risum4 op theoretical awd practical fCNOWLBDOB* 
written in easy, intelligible language." — TJkr Analyst. 



MONRO (J. M. H., D.Sc, Professor of Chemistry, 

Downton College of Agriculture): 

AGRICULTURAL CHEMISTRY AND ANALYSIS : A Prac- 
tical Hand-Book for the Use of Agricaltiml Students. (Griffin's 
Technohgkal Manuals.) In Proration. 



CASTELL- EVANS (Prof. J., F.I.C., F.C.S., 

Fmsbury Technical College) : 

TABLES AND DATA for the use of ANALYSTS, CHEMICAL 
MANUFACTURERS, and SCIENTIFIC CHEMISTS. In Large 
8vo. Strongly Bound. [At Press. 

*m* This important Work will comprehend as fiu- as possible all rulrs and tablrs 
required by the Analyst, Brewer, Dbtiller, Acid- and Alkali'Mannfacturer, ftc. &c. ; and 
also the principal data in Thbrmo-Chsmistry, Elbctro-Chsmistry. and the various 
branches of Chrmical Physics which are constantly required by the Student and Worker in 
Original Research. 

STsry possible care has been taken to ensure perfect accuracy, and 1» ladfaiie (hefiRulu 
of the most recent investigations. , 

UWiXm: CHARLES QRfFFIN « CO., UMITED, EXETEft STREET. fnMOL 
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74 CHABLSa QBIFFIN S OO.'S PUBLWATIONS. 

In Large 8yo. Handsome Cloth. With numeroiu Illustratioiu. 
« In Two Volumes, sold separately. Vol. I. now Ready. 
Complete in itself. Price 15s. 

TECHNICAL MYCOLOGY: 

THE UTILISATION OF MICROORGANISMS IN THE 
ARTS AND MANUFACTURES. 

A Praetloal Handbooft on Fermentation and Fermentatioe Proeesees for the Use of 

Brewers and Distillers, Analysts, Technical and Agricultural Chemists, 

and all interested in the Industries dependent on Fermentation, 

By Dr. FRANZ LAFAR, 

Proressor of FermentatioD-Pbyvlology and 'Bacteriology la the Technical 
High School, Vienna. 

With an Introduction by Dr. EMIL CHR. HANSEN, Principal of th« 
Carlsberg Laboratory, Copenhagen. 

Translated bt CHARLES T. C. SALTER. 

"The first work of the kind which ean lay claim to completeneBs in the treatment of 
a faocinating sabject. The plan ia admirable, the dasaiflcatiou simple, the style la good, 
«nd the tendency of the whole Tolume ia to convey aure information to the reader."— 
Lancet, 

*' We cannot anfflciently praise Dr. Lafar's work nor that of his admirable translator. 
No brewer with a love for his calling can allow such a book to be absent from his library.** 
"-Mrtwer's Journal^ New Tort. 

%* The pnbllihers tmst that before long they will be able to present English readers 
with the second volume of the above work, arrangements having been concluded whereby, 
upon its appearance in Germany .the Kngliah traiuuation will be at onoe put in hand. 



Ready Immediately. In Large 8vo, Handsome Cloth. 

FERMENTS 

AND i:>h:eir jlc'X'ions. 

A Text-book on the Chemistry and Phyaha of Fermentative Changea. 

BY 

CARL OPPENHEIMEK, Ph. D., M. D., 

or the Physiological Institute at Erlongen. 

Translated from the German by 

C. AINSWORTH MITCHELL, F.LC, F.C.S. 

The present Translation embodies Notes and Additions to the Work 
made by the Author subsequent to Its Publication In Germany. 

LONDON: CHARLES GRIFFIN ft CO.. LIMITED, EXETER STREET, STRAND. 
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CHEMISTRY AND TEOENOLOQT. 75 

In Large 8vo. HandBome Cloth. Price 21s. 

THE PRINCIPLES AND PBACTICE OF 

BREWING. 

I-OR THE USE OF STUDENTS AND PRACTICAL MEN. 

BY 

WALTER J. SYKES, M.D., D.P.H., F.LC, 

EDITOR OF "THK ANALTST.'* 

With Plate and IllustrationB. 

GENERAL CONTENTS. 

I. Physical Principles Involved In Brewing Operattons : Heat: Tlie Tlier- 
iDOii)>el£r — ^StK-'cillp Heut-^LatBiit HeAf— ET^nfj^fiitltiii— iJanwtj' and Sitcciflc Orirlty— Hydro- 
mwteTfi. CheiqLstny, with spocljil ref^renca tO the mfLterial^ u^sd In Brewing, 

II. The Microscope : *r#ncr*t LnjTscripUon of ilie— llicrniitopicia MAn^iiultiiion 
^^ExAiniii&tlDn af Voajt^Uanerliij^'Drop Mt^chod-^EKAmtnAtiori of Hni^tarliA — l^UcroHCoplciU 
Frepfcratlohi- Utclerlulo^ciili ilQtlii>iJlrt — Uact^rloloRlcaJ l^L&mlnutlO'n of Wi^ti^r - HAhsenW 
Method— Wkhmann'ti McUiChd - liiLcl^nnloif Lcul liiixaiTilinAtLDn of Atr. Vej^etablC BiOlOgy \ 

Kertntintadon aad FDtrer&c(]:on— Hacti^rluni terina-But>Tic Acid llAclffria. &c^.— THe Mould 
Furij;! — Miic?cr rau'jedfj, j^e.— .SlTHfitc Multlcclhslir Orj^Anlinis- Pen lei Ilium cJaucr.m, iftc, ^ 
Mould FaUf^i D^nKEmae an [Jrewlna: Pa-mlses— TIjp Biuher FliiEiTfi— rrerrninitlon oT Biirlfj— 
StxacCtite of Barleycorn. Fermentation : Ancknl - VJein Df Uet>l^ on —The Fhyelol Officii 
Thoory — Prmtrifie nf Sport E:4i]>eou^ Lvolutlon— SttrlU«ilU>n nf tirffiulcr Fliitda— CornpeUtlon 
tDionitftt Ml?ro"Or^jnl?ni«— D3Ht]IbijUon of Ant]lJ«^p^iBrk Gprmfi— lljin^jeii** InTe&iljfailcitiB 
on tbf] AlFGf tir«werl«*N— PaMeur's ETiperlRiencs and TJjeorjf— Other Tdporle* or FermetiUtloii 
— iQTffltt^Uont of liariAcii— FurB Calrurea from 4 Singly CHI— Intrnducilon of Fare Yemit 
Ciiftnrp*! into th« Hfewcrj--Kan*pti'i and nth^r Pure YflAst CuUlTntlon AppiniEuE^Adraan^ 
Uncos of Han.>sf!n'Ti PttRi! Single- Cull Vcatt— inffereticefl. in the Action of the rariioQs Vi^aiit« 

II L Wilter : Ofeurrrnco and C£>mr|)o*i(Uin of~Keftu!tn of A:iJiljr^lfl nf-Hardnej*— 
W*tnn Suitably tar tho Production of JJirferent ClsswO" of Alt— ArElflfW TrcatincuC of 
WatATa- £alQlt— Icitlnetird of tiiiilin-g— Offlatiic Con nKtution— Effect of l-jltrjiilon -Meihoda 
of Water A nalys Is— Microscopic KKaininath^n of Water i^»edltF3ent'1, Barley and Making ; 
Uaflty-Choicfl or— Vi[aJiiy—A(re- Uniting— Si wpisiifn—StoeF- Water— Nenuination tif fiarisy 
— FlotnlflB— SprtTiltUriG:" WilheriniT'— Fnemmatic Mil Itln^ — Ga( laud'* %Ptem — Saladln's— 
Hetnmlfla^K— Drytnc KUn^-CNanEea Ktr^'>cted in DrylaK— SEora(;c -ChemlcnJ ExamknAtloii 
or Uarley— Mult^Li^^tltuEeB-QaaUty of Malt— Clicinlritl E^aminntion of Mai E— Ready ^fgrmeil 
Saoiira- Matt>>L. Br&Wery Plant: Grainia.Uoni Brewery— Cold and Uoi Liqnor Btcki^- 
HaJi Hil]--Ma.<h lun, &c,— Copper*- Coolem—li'' hi (terfttors—Collectlni; and Ftrtneotlojr 
Vessels;- Burt.. n rri1..n ^yflti^m- AttcniperiitnrB — Parm,''lMJ!'c=i--ltflckJr.^ ^*qnflTo~— Vati and 
Crt-ikB. Er©wln,*f : E^iiuiJi-Jon oJ t^iuniiUMj (uc ilni Dri''. .i....H...L J. I., ^ . ... IIl-.^..., tJ^ 
Hftrdeninff llAterial*— Mashinff— Uso uf SubalUiary Apparatus— Black Been— Sparalna— 
Bolliog—Actlon of Hop-tannin Bodies— Cooling— Refyiirerating— Collection of Wort— Extrad 
Yielded— Fermentation— Addition of Yeast— ChanRe of Yeast— Fermentation Temperatures- 
Dressing— Appearance of Heads- Cleanainfc System— Stone Square System— Settling and 
Racking— Dry Hopping— Secondarr Fermentstion— Priming— Antisepuo»— Fining— Bottled 
' "* "" id Its Diseases: Haronr and Aroma— Condition— Palala 



Falness- Head— Brightness— Tnrbidicv— Ropioesu — Bibliograpiiy— Appendiees : Solntloa 
Weight and Solution Factor— Specifle Routory Power-The Law of^ Definite J 
Alcoholic Fermentation without Yeast-Cells— Fermentation in a Vacuum- Index. 



*' A Tolume of Brewing Science, which has long been awaited. . . . We consider it one 
of THB MOST ooMPLBTS in coNTKXTs and NovBL IN ARaAKOsusjiT that hss yet been published. 
. . Will command a large sale."— r/i« Brtuftra Journal. 

"The appearance of a work such a« this server to remind us of the SHoaMOUSLT kapid 
▲DTAKCBS made in our knowledge of the Scieotific Principles underlying the Brewing Proceaaes. 
... Dr. Sykes' work will undoubtedly be of the oriatsat assistance, not merely to Brewers, 
but to all Chemists and Biologists interested in the problems which Uie Fermentation industries 
present."—!^ AnoXy^t. 

"The publication of Dr. Stkis' mabtirlt trbatisr on the art of Brewing Is quite an event 
In the Brewing World. . . . Deserve* our warroeat praise. ... A better guide than Dr. 
Bykes could hardly be foond."- Counf jr Brtwen Gaxtte. 
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ifi CHARLaa OBIMfW ^ CO.'S bublkations 

With Tables, lUiistiatioBs in the Text, Mid 57 Uthogimphk Platei. Medinm 
8to» Handsome Qoth. 309^ 

SEWAGE DISPOSAL WORKS; 

A Guide to th^ Constpaetion of .Works for the Prevention of the 
Pollution hj Sewage of Riyers and £stttarie& 

By W. SANTO CRIMP, M.Inst.C.E., F.G.&, 

Late AMiiranr-Sngmei^ London County CoundL 

Sftcoirn Edxtion, Rxviskdand Enlargxix. 



PART L— Intsodugtokt. PART IL— Sbwags Disposal Works in 

Opekation^-Thbie Construction, Maintenance, and Cost. 

Qtanttated bj Plates showing the General Plan and Anangement adopted 

in each District. 

%* Fram th» Ihct of tlw Autiiot^s hn«xttA for ^atm y^an, had din»» of tho hUm 
BfciiiMiiiii Woriu of the Northern Section of the MetrapoUa, the chapter on Lomdoh will be 
UmaA ta ooomin many important deceile which would not otherwiie nave been avnlaU^ 

"All neieoM intewated in Sanitary Soianoe owe a debt of gratitude to Mr. Crimp. . . . 
ne> wMk wiB be eapedally oaefbl t» SAMtTASv AuTHoniTus and their adviaars . . . 
i,Y ntACTiCAL AMD U9BPVL . . . givat piaDi and deacriptiom of mamv o» ma 



■ear ntPOMT ANT snwAca womcs of £agland . . . with very WlaaUe infonwadiiin aa t» 
thaceTofcnn aU nctionandwodringofeadt . . . The ca r a fti My^rapanad daaawn^ pai^ 
eritef an eaqr cempariaon b e t we en the d itfu e nt ijili— i "— Zeayift 

'*ywhahly the Moar gomplstb akd aeer tubatisb on the aabject wUch hae apoearod 
in our laMnagi . . Will prore ef the jiaalart uae te all wha haivia th» problem of 
imge DttpoaaL tai tea^^-Jfi^m^M^ Medical Jotu^uU, 

In Crown 8vo, Extra. With Illustrations. 8s. 6d. 

CALCAREOUS CEMENTS: 

THEIR MATURE, PREPARATIOM, A»D USES. 
By gilbert R. REDGRAVE, Assoc Inst. CE., 

r for Technology, Board of Education, South Kenain^^on. 



GnmsAK Contents. — Introduction — Historical Review of the Cement 
fttdostry^-Tha Early Days of Portland Cement — Composition of Portland 
-Cement— Processes of Manuvacture— The Washmill and the Backs — 
Fhte and Chamber Drying Processes — Calcination of the Cement Mixtvre — 
<2rmd]Bg of the Cement — Composition o{ Mortar and Concrete — CmmfT 
Testing — Chemical Analysis of Portland Cement, Lime, and Raw 
Materials *— Employment of Slags for Cement Making -r- Scott's Cement, 
Selenitic Cement, and Cements produced from Sewage Sludge and the 
Refuse from Alkali Works — Plaster Cements — Specifications for Portland 
Cement — Appendices (Gases Evolved from Cement Works, Efiects of Sea- 
'water on Ccsnent, Cost of Cement Manufacture, &c.» &c.) 

** A work oaloulated to be of qsbat and sxTsimBD xrrn.tTr."— (7A«mtoi; Nemti 

** IWALUABLB to the Student, Architect, and Engineer."— AnVrffn^ Newt. 

** A work of the obbatkst nrTXRKcr and CBSvcuasB, which appears a^ a yery 
period of the Cement Trade.**— Brt7. Tradt Jottmal. 

" Will be naafnlto AX.!. Interaated in the luiruFAonna* uai, and nMmra of Osni 
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Now RsADT. Larfjt 8vo. Handnome Clothe BeautifuUy 
nimtrcUed. 21«. 

Boad Making and Maintenance: 

A PBACTICA L T BEATISE FOB ENGINEEBS, 
SUBVETOBfty AND OTHEBS. 

With ait Hibtokical Sksicq, of Angxxnt aitd MoDXBif Psacticb. 

By THOS. AITKEN, AssocM.Inst.O.E., 

MiiinTirr of the AMOcUtion of HnoioliMil and Ooiznty Engineeni; Hember of the Sanitary 
Inat ; SarT«yor to the Ooaaty Goanoll of Fife, Oupar Division. 

WITH NUMEftOUS PLATeS, OiAQRAMS, AND lUUSWATtONS. 

Ck>2rTEiVT9.—- HiBtoricnl Sketch. — Reaiatance of Traction. — Laying out 
New Roads. — E^rthworka, Drainage, and Retaining Walla. — Road 
Materiala, or Metal. — Quarrying. — Stone Breaking and Haulage. — Road- 
Rolling and Scarifying. — The Conatruction of New, and the Maintenance 
of exiating Roada. — Carriage Way a and Foot Waya. 

"The Utenrr style is KXcetLiXT. ... A comp&bhbnbivb and bxcellb5t Modern Book, an 
CP40-DATB work. . . . Shonld be on the reference shelf of erery Municl^l and County 
Bnirineer or Surveyor in the United Kingdom, and of every Colonial Engineer. '*->7Ae J Mi Wfei. 



SxooND EDiTioir, Reviaed aod Enlarged, with New Szcnoir on 
AcsTTLEiTE. Fully Illustrated. lOs. 6d. 

THE CHEMISTRY OF 

GAS MANUFACTURE. 

A Hcuid'Book on the Production, Furification, and Testing of Illuminating 

Qaa, and the Assay of the Bye-Products of Gas manufacture. 

for the Use of Students, 

BT 

W. J. ATKINSON BUTTEEFIELD, M.A., F.I.C., F.CS., 

Fomurlr Head Cheoalii, Gaa Works, fieokton, Loadoa. B. 



GsNERAi. CoNTEirrs. — L Raw Materials for Gas Manufketure.^11. Coal 
Oa^— in. Carburetted Water Gas.— IV. Oil Gas.— T. Enrichinc by light 
Oils.— VL— Final Details of Manufacture.— VII. Gas Analysis.— Vfll. 
Photometry. — IX. Applications of Gas. — X. Bye-Products. — ^XI. Acetylene. 
— Ikdkx. 

" The rawT woek of its kind which we have ever had the pleaaom of i^ 
^kwing.**— /oMmoi 'of Om Lighting, 

" Amongst works not written in German, wi recommend before all OTBiatB, 
BnTTEEEiBLD's Chxhistet oe Ga8 MA2n7EAanrRs."--CA«miJ»r XtHnmg, 

LDNDON: CHARLES ORIFFIN ft CO.. LIMITED, EXETER STREET, 8TRAN0L 
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78 0BAMLE8 QMIFFIN S 00.*a PURLIOATIONB. 

Eighth Edition, Revised. Price 6t. 

PRACTICAL SANITATION: 

A HAND-BOOK FOR SANITARY INSPECTORS AND OTHERS 

INTERESTED IN SANITATION. 

By GEORGE REID, M.D., D.P.H., 

Fltiln»t Mem, dmncily *utd Examiner, SamUmrf ImtituU #/ Great Briimm, 
4u»d MediuU Ojflcer f the Siafferdekire Cetmiy Ce$mciL 

Wiitb an appen^U oo Sanitate Xaw* 

By HERBERT MAN LEY, M.A., M.B., D.P.H., 

Medical Officer efHeaUhfer ike CemUy Beremgh #/ Weet Bremwiek, 
GsNKRAL Contents.— Introduction— Water SuppKr: Drinkine Watet, 
Pollution of Water— Ventilation and Wanning — rrinciples of Sewage 
Remoral — Details of Drainage; Refuse Removal and Disposal — Sanitarf 
and Insanitary Work and Appliances — ^Details of Plumbers^ Work — Houae 
Constntction — Infection and Disinfection — Food, Inspection of ; Chaiac- 
tetistics of Good Meat ; Meat, Milk, Fish, &c., unfit for Human Food- 
Appendix : Sanitary Law ; Model Bye-Laws, &c. 

"Dr. Reid*s very useful Manual . . . abounds in practical detail.** 
— Britifh Medical JoumaL 

"A VERT USEFUL HANDBOOK, With a very useful Appendix. We recommend 
it not only to Sanitary Inspectors^ but to Householders and all interetted 
la Sanitary matters." — SaniiatY Record, 



Now Ready. Crown 8vo, Handsome Cloth. Fully Illustrated. los. 6d. 

FLESH FOODS: 

With Methods for their Chemical, Microscopical, and Bacterio- 
logical Examination. 
A Practical Handbook for Medica/ Men, Analysts, Inspectors and others* 
By C. AINSWORTH MITCHELL, B.A.(Oxon), 

Fellow of the Institate of Chemistry; Member of Council, Society of Public Analysts. 

With NufMrotu TMes, Illustrations, and a Coloured Plate, 

Contents.— Structure and Chemical Composition of Muscular Fibre— of 
Connective Tissue, and Blood.— The f'lesh of Different Animals. — The Examina- 
tion of Flesh. — Methods of Examining Animal Fat. — ^The Preservation of Flesh. 
— Composition and Analysis of Sausages. — Proteids of Flesh.— Meat Extracts and 
Flesh Peptones.— The Cooking of Flesh. — Poisonous Flesh.— The Animal Para- 
sites of Flesh.— The Bacteriological Examination of Flesh.— The Extraction and 
Separation of Ptomaines. — Index. 

♦,♦ This work is a complete compendium of the chemistry op amimal tissues. It con« 
tains <firections for the detection of morbid conditions, putrefactive changes, and poisonous 
or injurious constituents, together with an account of their causes and ettects.—PmbStker's 
NoU, 

" A conpOation which will be most useful for the class for whom it i% intended."— ^/AmiTwm. 

"A book which NO OKE whose duUes involve considerations of food supply CAN AFFORD TO BV 
WITHOUT."— JfiMnhl^ yoHmal. 

LONDON: CHARLES GRIFFIN ft CO.. IS'ilTED. EXETER STREET, STRAND. 
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COMPANION VOLUME TO REID'8 SANITATION. 

In Crown 8vo. Handsome Cloth. Profusely Illustrated. 

Sanitary Engineering: 

A Praotica/ Manual of Town Drainage and Sewage and Refuse Diapoaal, 

f^ Sanitary AuthoiitlM, EnglnMrt, Inspeotors, Arohltoots, 
Oontraotors, and Students. 



FRANCIS WOOD, A.M. Inst. C.E., F.G.S., 

Borough Engineer, Bacup, Lanes. 



GENEEAL CONTENTS. 
Introduction. — Hydraulics.— Velocity of Water in Pipes.— Earth Pressures and Retaining 
Walls. — Powers.- House Drainage. - Land Drainage. — Sewers. — Separate System. — Sewag^ 
Pumping.— Sewer Ventilauon. — Drainage Areas. ^Sewers, Manholes, &c— Trade Refuse. — 
Sewage Disposal Works.— Bactbriolysis.— Sludge Disposal.— Construction and Cleansing 
of Sewers. — Refuse Disposal.— Chimneys and Foundations. 

[At Pbess^ 



IN ACTIVE PREPARATION. 
Impoz^An^ M'eiiir HITopIc on 

TRADES' WASTE: 

ITS TREATMENT AND UTILISATION. 

With Special Reference to the Prevention of Rivera Pollution. 

A Handbook fop Borough Englneeps, Supveyops, Apchitects 
and Analysts. 

By W. NAYLOR, F.O.S., A.M.Inst.C.E. 

With Numerous Plates, Diagrams, and Illusiraiions, 



* Aims at Betting forth the cauaes of r.Tera pollotion, and the beat known means of 
hpofli ■ ' ... 

._Le principles, o 
Author's Frtfaet. 



preventing auoh ponntion economically. . . . An attempt has been made to point ouk 
the principles, oharaoteristics, and adTantages of the Tarions systems of treaiment*'— 
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to CNABum umna a. c(k*9, FtrnMimATiomL 

Painters' 
Colours, Oils, & Varnishes : 

A PBAOnOAZi MAlflJAIi. 

By GEORGE H. HURST, F.C.S., 

M«mber of the Society of Chgintcal ladustry ; Lecturer on the Technology of Painten^ 
Coloun, Ons, and Varaiafaes, the Municipal Technical School, Manchester. 

Third Edition, Revised and Enlarged. With Illustrations. 12s. 6d. 

General. Contents.— Introductoiy— The Composition, Manupactuxb, 
Assay, and Analysis of Pigments, White, Red, Yellow and Orange, Green, 
Blue. Brown, and Black—LAKSS — Colour and Paint Machinery — Pamt Vefaidei 
<OiIs, Turpentine, &c., &c. )— Driers— Varnishes. 

" This useful book will prove most valuablk.**— CArMriVa/iVirwx. 

" A practical mantial in every lespect . . . bxcbbdingly instructivb. The 
section on Varnishes is the most reasonable we have met with." — Chemist and Druggitt, 

** Vbsy valuablb informarion is fiven."— /'AmaArr amd Dacarat^r. 

" A TROBOUGiii.v PBACTiCAi. book, ... the ONLY English woris that irisfartiorily 
«veats of the manufacture of oils, colours, and pigments."— CAMwsni^ Trmde^ ymmnal 

%* For. Mr. Hurst's Garmsst Dyeing and Cleaning^ see p% 84^ 



WORKS BY DR. ALDER WRIGHT, F,R,8. 

Fixed Oils, Fats, Butters, 
and Waxes: 

TSBZR FHBPABATION AKD FROHUITISS, 

AND THE 

MANUFACTURE THEREFROM OF CANDLES, 
SOAPS, AND OTHER PRODUCTS. 

BX 

C. R. ALDER WRIGHT, D.Sc, F.R.S., 

I^ste Lactniier oa Chemistry, St. Manr's Hospital Medical School ; Ezammer in. "Soap" 
to the City and Guilds of London Institute. 

In Loife S^a Handsome Qotli. With 144 Illustzationai sSs. 

'* Dr. Weight's work will be found absolutbly in dispbksablb by every C^trrfit 
rkms i*<th iirfonBBCioa valanble alike to the Aaalytt and tte Tednueal Cbmmm!'^ 
Anmimi. 

"'Will rank a> the Stamdakd Emu,inr AxmnHurr ew^ Om and Fats te mm^ 
% to camm.*'^Imdustri*t and Ir0H, 



yeaxs to come. 
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Painting and Decorating: 

•^ Complete Practical Manual for Houee 
Painters and Decorators, 

BY 

WALTER JOHN PEARCE, 

LaonBOE AT sot KAiraHaBTSK TaeuKioio. BCHoaK. wan, nooam-rAxaraiQ ako DiooBAnM» 

In Growir 8to. «strft. With NnBMroas lUoBtrationB and Plates 

(aonMT in Colaim), uMUuLisg Onffaal Baigiu. 12i. 6d* 



GFBlfSBMi CSONTfiNTS. 
Introduction — Workshop and StoreB—Plant and Applianoes — ^Bmahes and 
Tools— Materials : Pigments, Driers, Painters' Oils— Wall Haopings — Paper 
Hangug^Golonr Mixing — ^Distempering— Plain Fainting — Staining— Yacnish 
And V amishing — Imitatiye Painting — Graining — Marblixig — Gilding — Sign- 
Wiiting and lettering— Decoration : General Principles — Decoration, in Dis- 
temper—Painted Decoration — Relievo Decoration — Colour— Ideasaring aad 
Estunating — Coach-Painting— Ship-Painting. 

•*A THOBOUOIILY USEFUL BOOK . . . gives GOOD, SOUND, FRAOTIOAL 

INFOBUATION in a CLEAR and COKCISE FORM. . . * . Can be confidently 
noommended alike to Student and Workmaai as well as to those canrying on 
boainess aa House -Painters and Decorators." — Plumber and Decorator, 

*«A THOROUGHLT GOOD AlTD BSLIABLK TEXT-BOOK. . . . So FULL and 

COMFLBTE that it would be difficult to imagine how anything further could be 
Added about the Painter's cnit.^—Builder9' Journal, 



SECOND EDITION, Crown Svo^ Hamkonu ClUk. ^\s, 

^nctuding alt the Hewer Developments in Photographh nethod9^ 

together uuith SpeeictI Artiolea on Radiographic (the X-Ruya), 

Colour Photography, and many l$eu/ Ptatea. 

PHOTOGRAPHY: 

4T8 HISTORY, PROCESSES, APPARATUS, AKD MATERJAL8. 

Comprisingr Working Details of all the More 
Important Methods. 

By a. brothers, T.RJlS. 

WtTH NUMEROUS FULL-PAGE PLATES BY MANY OF THE PRO' 
CESSES DESCRIBED, AND ILLUSTRATIONS IN THE TEXT, 

" A stamdard work on Photx>graphy brought q^ite up«to-<late." — Pkoitgrt^y, 

'*A highly infonnative book. . . . We can cordially reoommend the volurae as a 
worthy addition to any library." — British I aumai of Pkotoef^pky. 

" Pre-eminently a sound practical treatise on Photography written by a practical worker 
of life-long experience."— Z^Mi/f Mtrcwry^. 

'* The illustrations are of great htsMty,"Sc0fsmam. , 
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82 0HARLM8 QUFFIN * OO.'S PUBUOATIONS. 

§10. THE TEXTILE INDUSTRIES. 

" The xon vaujablb tad ubbvul work on DyeiDg that hu yet appeared In the Sngllah 
teofoage . . . likely to be nis 8tavi>au> Wokk or BKnJutKcx for years to oome."— 
TtatUU Mwtemm. 

In Two Large 8vo Volumes, 920 
pp.. with a SUPPLEMENTARY 
Volume, containing Specimens 
of Dyed Fabrics. 45s. 

A MANUAL OF DYEING: 

^OR THE USE OF PRACTICAL DYERS, MANUFACTURERS, STUDENTS, 
AND ALL INTERESTED IN THE ART OF DYEINQ. 

BY 

E. KNECHT, Ph.D., F.I.C, CHR. RAWSON, F.I.C., F.C.S., 

H«m1 of the OlMBatotiy aAd Dyeing Dcpftrtmant of Lftt* HmmI of the OhemUtry and Dy«lag D«partm«in^ 
tt« TadAlMl Bohool, AUnchMt«r: Editor of "The o( the Ttchnical Coilege. Bnidf ord ; Uetnber o4 
Jeuiud o the Boolety of Djm and Colonrieti ; " Couneil of the Bodctjr of Dy«n and Oolovrists ; 

And RICHARD LOEWENTHAL, Ph.D. 

GsNSRAL Contents. — Chemical Technology of the Textile Fabrics — 
Water — Washing and Bleaching — Acids, Alkalies, Mordants — Natural 
Colouring Matters— Artificial Organic Colouring Matters— Mineral Colours 
— Machinery used in Dyeing — Tinctorial Properties of Colouring Matters — 
Analysis and Valuation of Materials used in Dyeing, Ac, &c. 

'* This MOST TALUABU WOBK . . . Will bo Widely appreciated."— CAcmtco/ JTewx. 

" Thle aathorltatlye and ezhaostlye work ... the most complbtb we hare yet aean 
on the anhjeot**— 2tofa« MoM^facturer. 

** The MOST ■XBACsmrx and oohplbtb wobk on the eabject extant**— 7Vx<i<« Reeerdtr. 

** The dlBtingalBhed anthort haye placed in the hands of those daily engaged in the dye- 
honse or laboratory a work of xxtbkmb talub and uxdoubtbd dtxlitt . . '. appeali\ 
qoiokly to the technologist, ooloor chemist, dyer, and more particniarlir to the riBing^ dyer 
of thei>resent generation. A book which it is refreshing to meet with.*'— J BMrioan TtxtUt 

Large 8vo. Handsome Cloth. 

A DICTIONARY OF DYESTUFFS. 

A Compendium of DifeSt Mordants, and Other Substances 
Employed in Dyeing, Ca/ico-Printing, and Bleaohing, 

By C. RAWSON, F.I.C, F.C.S., W. M. GARDNER, F.C.S.^ 

AND W. F. LAYCOCK, Ph.D., F.C.S. 

With Formulse, Properties, Applications, &c. 

[At Pr€89i. 

LONDON: CHARLES GRIFFIN ft CO.. LIMITED, EXETER STREET, STRAND. 
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THB TEXTILB INDUSTBIBS. 



Gompanion'Volume to Kneoht and Rawaon's "Dyeing. " 

TEXTILE PRINTING: 

A PBACTICAIi UAITUAI.. 
Inolading the ProcesBes Used in the Printing of 
COTTON, WOOLLEN, SILK, and HALF- 
SILK FABBICS. 

BY 

C. F. SEYMOUR ROTHWELL, F.C.S., 

Mmn. «o«. <tr COWmkol Indtutrim; ImU Ueturtr mi tkt Mvnicipmi TtekmUta /Mot i , 
In Larg^e 8vo, with Illustrations and Printed Patterns. Price a lib 



GSNJBRAIi CONTENTS. 

Iniroduction. Padding Style. 

The Machinery Used in Textile Kesist and l)iBcharge Styles. 

Printing. The Printing of Compouod 

Thickeners and Mordants. Colourings, &c. 

The Printing of Cotton Goods. I The Printing of Woollen Goods. 

The Steam Style. ' The Printing of Silk Goods. 
Colours Produced Directly on the Practical Recipes for Printing. 

Fibre. Appendix. 

Dyed Styles. i Useful Tables. 

Patterns. 

**Bt rAETHB snr and hokt piactical book on tbxtilb TBiimvo whicb haayttlwtB 
brought out, and will long remain the standard work on the sabject It Ib esBentlaUy 
practical in oharaoter.**—- 2&rft7< Mttcury. 

" Tn HOBT rsAonoAL iunual of tbxtilb pRomKO whioh has yet appeared. We bave 
■0 beeitatSoQ in recommending it**— The TextiU Manufaeturer. 

*' UvDouBTBDLt Mb. Bothwbxx'b book is THB BBBT whlch hBe appeared on TwxmM 
•Ronne, and worthily forms a Oompanion-Volmne to * A Manual on Dyeing.* *'—Tkt i)fir 
^»td Oalieo Frint§r. 



Large 8to. Handsome Cloth. 

A Dictionary of Textile Fibres. 

By WILLIAM J. HANNAN, 

Lecturer on Botany at the Ashton Hunldpal Technical School, Lecturer on Cotton 
Spinning at the Chorley Science and Art School, Ac 

With Numerous Dlustrations reproduced from Photographs, ftc 

[In PrepanUi&m, 

LONDON: CHARLES GRIFFIN ft CO.. lllMITED. EXETER STREET. STRAND^ 
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li OHARum aaxnM s ao.*n pumlica tionjs. 

Large Stql HandMmif Cloth. !&. 6cL 

BLEACHING & CALICO-PRINTING 

A Short Mannal for Stxidents and 
Practical Men. 

•Bt GEORGE DUERE, 

> HmAot of Khe BlMehiog, Dfeing, ftiKl PrlnttDs Depaitmait «t tiM Accrfutan aad Biinn 
Tflchnieal Bchooh ; ClMrniist and Colonriat at ihe Irwell Print Woito. 

Assisted bt WILLIAM TURNBULL 

(of Turntmll & Stockdale, Ltmlted). 

With BlustrationB and upwards of One Hundred Dyvd and Printed Pattern* 
designed specially to show yarions Stages of the Processes described. 

GENERAL CONTENTS.— Cotton, Composition* of; Bleachhto, New 
Proce^MB ; Pkinting, Hand-Block ; Flat-Press Work ; Machine Printing^ 
MoBDANTS— Styles of Calico-Printing : The Dyed or Madder Style, Renst 
Padded Style, Discharge and Extract Style, Chromed or Raised Colonrs, 
Insolnble Colours, &c. — Thickeners — Natural Organic Colouring Matters 
— Tannin Matters — Oils, Soaps, Solvents — Organic Acids — Salts — Mineral 
Colours— Coal Tar Colonrs— Dyeing— Water, Softening of —Theory at^fiokmrn 
— ^Weights and Measures, Ac 

*' When a biadt way oat of a dUBonltj is wanted, it it xir booxi uxm ibis that ltiitan4.*-» 
VtKtfU Seeorder. 

**lfr. IhiiBa'% voaK wUl be fond aosr vvewvl. . . . The iBtaaiaiion 0MimiB ef •■■* 
▼▲urn. . . . The Bacipee are TBonovoHET PiAcnciJk''--T«MIe Jtf4M«((liiaiirir. 



Second Edition. Revised and Enlarged. With Numerous 
Ulustrations. 4s. 6d. 

GARMENT 
DYEING AND CLEANING. 

A Practieal Book for Praetieal Hen. 
By GEORGE H. HURST, F.C.S., 

Member of the Society of Chemical Industry. 

Gkoeral Contents.— Technology of the Textile Fib i q Giu ' ui en t CloMiing 
—-Dyeing of Textile Fabrics — Bleaching — Finishing of Dyed and Cleaned Fabrics — 
Scouring and Dyeing of Skin Rugs and Mats— Cleaning and Dyeing of Feathers- 
Glove Cleaning and Dyeing— SSraw Bleaching and Dyeing— ^^toasary of Drugs 
and Chemkala— Uaefid Tables. 

" An up-TO-DATS hand book bas long heen wanted, and Mr. Html has doae notUoc 
Bore complete than this. An important work, the mart so that several of the branches <h 
the emit bBR tamated vpon are alnoat ^atinky wiUu n ti Ssgtish MaB«ais Hor the gvidanoe 
of workenr. The price brings it within the reach of t3L^'--I>yer and Calico- Printtr, 

/' Mr. Hunt's worx decidedly fills a want . . . ought to be in the hands of 
«TBSY GASMBNT DYSR and clcancr m the Kingdom** — TexHU Mercury, 

LOinoih CHARLK mm *' CO., lUHTEfi, EXETER STREET. SnUWIk 
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iNTRODUCTORT SCIEifCJS SCRUBS 



**Bifi eovLD POT HAfv A VCBUI ALLVBHW THTaomjonttK to ii i i iwmir fonwolto 
ttan tlMM «iH«nli«-looUi« ToiumM/'^LeUar to the TnMtahrai Imb tk* HmmI- 
muter of one of our great Public Sclioolfl. 

QP^MH STUDIES J$ BOTJqiY: 

SKETCHES OF BRITISH WILD FLOWEES 
nr XEEIB HOMES. 

E. LLOYD PEAEQEE, BJL, M.RJ^. 

BhMtrated by Drawings from Nature byS. Rosamond ?raeffer» 
and Pfiotograiriis by R. Weldi. 

Handsome Cloth, 7s. 6d. Qilt, for Presentation, 8i. 6d. 

GEKXaiii ConfTESTB. — ADi^-Starred PaBtnre— Under tke fiawtfaoma 
-»By the Kiyer — Along the Shingle — ^A Fragrant U^dgerow— A Goonemara 
Boff — ^Where tin Samphire grows — ^A Flowery Meadow — Arooing the Cor» 
(a Study in Weeds)>-in the Home of the Alpines — ^A Ci^Baibhuh-Heap— 
Glossary. 

*'A niBSH AND smcnucTDro book . . . should take a high plaee . . . Hi* 
niustrations are drawn wltii much skill/'— TA« Timet. 

" Bbautivullt illustrated. . . . One of the most aoourati as well a» 
nTBRBSTlNG books of the kind we have seen."— ^tAencBum. 

"Bedolent with the scent of woodland and meadow."— n« Standard, 
*A Series of sriMiTXiATnio and nsLiaHTruL Chapters on Fleld-BoteBy."— TA* 

*' A woik as VBBSH In many ways as the flowers themselres of which it treats. Ik# 
[■l«ui«linf6nnatlan which the book oontains . . ."—Tfte Garden. 



OPE]l"AItl STUDIES I]l GEOItOGY: 

▲n Introduetion to GwHogy Out-oMoon. 

BY 

GRENVILLE A. J. COLE, F.G.S., M.E.LA., 

Rnoleesor of Geoloey in the Boyal CoOege of Sdanoe for Ireland. 

Wttk is FuN'Page WtntratioM from PhotographM. CMk. 89. €tL 

Gbnsral Contents. — ^The Materials of the Earth— A Moaontain Hollow 
— ^Down the Valley— Along the Shore — ^Across the Plains— Dead Yoleanoea 
—A Granite Highland— The Annals of the Earth— The Surrey Hills— Tho 
WMMoHSbBJ' 



**Tbe ZisoouxBO *OffBr-AiB anmns' of Fior. Oois give the aabject a absw am 
AMtmATioa . . . eaano« tsU to aronae keen interest in geokv7.**—C7eole9iMi'AriVSi'B<< 

**Minii s JH!Lr SBfci>i>BT.« . . . t:verj snukll delall In a aeene tonehsd mftk • «fm- 
pathetto kindly pen that renindR one of the lingerLag brush of a Conetahto.*'— JITalwig. 

**Tbe work of Prof. Ode oombiaei xumahcb of sxru with a mns Ti wo moBOUoasasa**— 
^$ttnmamm't Mitthetianfftm. 

*' The beok is worthy Of its tiOs: ftom corer to oorsr it la enoiw with hraStng ttsshaass 
at ma siBiiilsiji sad ihs asM. whiie its aecasAcnr and ^aawaimiiaass show ihaXUSmm^ 
~^a(aa«RMet«uleflwofteail4MHatadeat . . . JnU of iilsiaisiftai ioiliM nfckfc 



UlRDOir: CHAItLES GHtfFtN & CO., tlVITEU: EXETER tJiREkT, STRARff 
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S6 CHARLES QRIFFIN S CO.' 8 PUBLICATIONS. 

Eighteenth Annual Issue. Handsome cloth, 7b. 6d. 
(To Subscribers, 68.). 

THE OFFICIAL YEAR-BOOK 

or TKB 

SCIENTIFIC AND LEARNED SOCIETIES OF GREAT BRITADI 
AND IRELAND. 

OOMPILBD mOM OmOIAL 80UKCX8. 

CompHMing {together with other Offlolal Information) LISTS of tke 
PAPESS road during the Seaeion 1900-1001 before all the LEADING 
SOCIETIES throughout the Kingdom engaged In the following Depart- 
mente of Reeearoh ;— 

1 1. Scittce Gcnenlly : t./., Socied«s occupr- f <* Economic Sdenee and Statistics. 

iactlMmsslTes with seveial Blanches of ff f. Mechanical Sdenoe, Engummg, mA 

Science, or with SoMice and literatim Architectar^ 

' ntly. f t. Nayal and MOitanr Soenoe. 

I 9. Agriculture and Horticttltttre. 

Izdi Law. 
fzz. literature. 



t Sb Mathematics and Phyiica. 

is. Chemistry and Fhotography. 

f 4. 9?o>««y. P«»q*I*?. "d Mlnerskwr. 

Is. Biology, mdodrnff Microscopy and An- 



4x9. Ps]rchology. 
1 13. Ardueology. 
f z4« Mbdicinb. 



"Fills a very real want." — Engifuering. 

" Indispensable to any one who may wish to keep himself 
abreast of the scientific work of the day." — Edinburgh MedUai 
foumaL 

" The YsiUt-BooK op Socxbtiss is a Record which ought to be of the greatest use for 



the ptggress of Science. " —Xiyytf Pk^mir, F.XJS., K,C.B„ M.P„ Prnti-PrtsidtHi cfikt 

" It goes ahnost without saying that a Handbook of this subject wiU he as timo 
one of die most generally usefal works far the library or the deak."— rAr Timtt. 

"British Societies aio now weU reproso«te«i oi the 'Year-Book of the Scientific mi 
Learned Societies of Gnat Britam and Inland.'**— <Art. " Societies ** in New EditisAof 
''XncydopsDdia Britannica," toL xxiL) 



Copies of the First Issue, giving an Account of the Hiitoiy. 
Organization^ and Conditions of Membership of the vaiioui 
Societies, and forming the groundwork of the Series, may still be 
liad, price 7/6. Also Copies of the Issues following. 

The VKAR-BOOi^^ociaTias forms a complete moax to the scikntific work of the 
/seasionar^wuTTTTne'TariousTjepartments. It is used as a Handbook in all our great 
^iiNTiPtc CiNTRBs, MusBUMS, and LiBKARiss throughout the Kingdom, and has become 
^an iNDisPEKSABLB BOOK OP RKFKRBWCH t o ^very One engaged in Sdenbfic Work. 

HEADY IN SEPTEMBER EACH YEAR. 

«*« Owing to the alteration of the date of publication of this work, so as 
to make its appearance coincident with the commencement of the Sessional 
year, the present volume contains (as far as possible) lists of all papers read 
between January i, 1900, and June 30, 1901 (eighteen months). 

IDNDON: CHARLES BRIFFiN ft CO.^ LIMITED^ EXETER 8TREEL 8TRANOI 
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